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m THE SENATE OF THE UNITED STATES. 



LETTER 

FROM 

THE SECRETARY OF THE TREASURY, 



TRANSMITTING 



Report of Special Commission of Experts as to means of improving vault 
facilities of the Treasury Department. 



September 30; 1893. — Referred to the Committee on Appropriations and ordered to 

be printed. 



Treasury Department, September J29, 1893. 
The President op the Senate : 

I have the honor to transmit herewith the report, with the accompany- 
ing papers, of the commission appointed under authority of a clause in 
the act approved September 30, 1890, making appropriations to supply 
deficiencies and for other purposes, as follows: 

To enable the Secretary of the Treasury to appoint a commission of scientific or 
mechanical experts to report on the best method of safe and vault construction, with 
a view of renewing or improving the vault facilities of the Treasury Department, 
three thousand dollars. 

EespectfuUy, yours, 

J. G. Carlisle, 

Secretary. 



Ofpice of Treasury Commission on 

Safe and Vault Construction, 

Ithacaj K. r., March 15, 1892. 
SiB: I am instructed by the United States Commission on Safe and 
Vault Construction to hand you the inclosed report, as representing 
the principal results of their investigation; which has been both care- 
ful and extended. 

It has been their intention to embody in this report only the account 
of the Inethods and principles illustrated by the best modern construe 
tions in this department, to give some idea of the methods of destruc- 
tion and the risks met with through the efiPorts of criminals to obtain 
entrance into these receptacles for securities, and, finally, of the gen- 
pral principles which, in the opinion of the Commission, ishould guide 
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the maker and the user in securing good results. It has not been the 
intention of the Commission to describe the various makes of safes and 
vaults in the market, except as ilhistrating types, and it is not Avithiu 
their province to enter into a discussion of the construction or of tlie 
relative merits of the accessories in safe making. It was considered 
that the duty of the Commission was rather to supply a basis u[;on 
which satisfactory specifications might be framed. 

Accompanying the report will be found a collection of documents 
supplied by builders, which will have much interest. These include, 
also, sample specifications illustrating actual and approved practice, 
and such as, in the opinion of the Commission, should be taken as 
reijresenting constructions which should be excelled by the work done 
for the Department. Descriptions are also there given of the forms of 
lock and bolting systems built by the famous lock-makers of the time, 
and of accessory devices, as Clark's arrangement of platform at 
entrances to vaults, of the latter of which models are expected to be 
forwarded presently by the inventor, through the Commission. Full 
and clear accounts of experiments are also there given. 
Very respectfully, 

E. H. Thurston, 

Chairman, 

The Secretary of the Treasury, 

Treasury Department, WashingtoUj D. 0. 



Office of Treasury Commission on 

Safe and Vault Construction, 
Ithaca, JSr. Y., 



Sir : The United States Commission on Safe and Vault Contruction 
beg leave to present the following: 

- This Commission has been appointed under an act of Congress of 
date of approval of September 30, 1890, and known as the deficiency 
appropriation bill, " for the purpose of reporting the best method of 
safe and vault construction, with a view to renewing or improving the 
vault facilities of the Treasury Department," as stated in the bill and 
in the letter of instruction furnished by the Department. The Com- 
missioners named in the constitution of the Commission by the Treas- 
ury Department, under this provision of Congress, are Eobert H. Thurs- 
ton, of Ithaca, N. Y., chairman j Theo. K. Ely, of Altoona, Pa.; 
Francis Pratt, of Hartford, Conn. 

The first meeting of the Commission was called by the Secretary of 
the Treasury at the Treasury Department, Washington, on Saturday, 
the 11th of April, 1891, at 10 a. m., at which meeting the Commission 
was organized and the instructions of the act of the Secretary of the 
Treasury were given, verbally, by that officer. On the conclusion of 
that session, the Commission met from time to time, as its members 
found it practicable to appoint a date suitable to all, and in various 
localities as seemed best, in the endeavor to ascertain what are the 
usual and standard methods of safe and vault construction adopted by 
the best and most important banks and safe-deposit companies of the 
country, and to learn what are the latest and most promising of modern 
inventions possessing claims at once to novelty and security. In this 
work the Commission has visited New York City on several occasions, 
and has visited also Washington, Pittsburg, Eochester, Providence, and 
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Stamford, and has seen the best illustrations of the work of well-known 
builders to be found in the larger cities. 

The first duty of the Commission was the careful examination of the 
safes and vaults in which are kept the securities of the United States 
Government, at the Treasury in Washington, and at the sub-treasury 
in New York. This was done by this body at its first meetings in 
Washington and in New York, about the middle and at the end of 
April, last. 

This task accomplished the next step taken was the inspection of the 
safes and vaults of the great banking and safe-deposit companies in 
New York and elsewhere, with a view to comparing their construction 
and their security with those of the Government. It was assumed — 
and the assumption proved later a correct one — that the best and most 
secure depositories of the country, and of the world, would be found 
among these companies, and that they would give opportunity to com- 
pare the constructions of the Government with those which are thought 
by the most intelligent and well-informed among financiers and bank- 
ers the most perfect of available methods of protection of funds and the 
most reliable of constructions yet produced by the hand of man. 

The details of construction were then looked into, the Commission 
visiting for this purpose the builders of safes and of bank vaults and 
investigating the methods of design and of assemblage of the struct ures 
of which they had previously only seen the exterior and interior faces. 
The later forms of lock and accessories were also studied, the makers 
being visited for the purpose of ascertaining precisely how they were 
constructed and the quality of their workmanship. A variety of forms, 
illustrating the remarkable ingenuity of the inventors of modern bank 
locks, and the no less admirable excellence of their construction, were 
thus examined, including the most recent of these wonderful construc- 
tions: the automatic systems of adjustment of the time lock to the bolt 
system, so as to secure an automatic opening of the bolting by the ac- 
tion of the time lock at any desired and stated hour. 

Finally, some of the more radical and most important departures from 
theusuiiland standard systems of construction of safes and bank vaults, 
embodying the application of new and hitherto unused material in this 
department of manufacture, were very carefully studied, tested, and 
very fully considered. 

During the course of the work of the Commission, also, the reports of 
the expert employed at an earlier date by the Department were placed in 
the hands of the Commission, and their statements and conclusions 
carefully debated and compared with what the Commission had itself 
had been able to learn. The opinions of such oflftcers of the Depart- 
ment and of financiers, bankers, and others competent to pronounce 
upon this subject, as well as of the various builders of such work, were 
freely received and given due weight; the result being that, through 
direct experiment and the testimony of sometimes competing and rival 
makers, it was finally considered that the field had been very com- 
pletely explored and reliable conclusions seemed attainable. These con- 
clusions are the subject of this report, and they will be presented with 
some account of the work of the Commission in detail, and of the facts 
and deductions from experiments made by or for this body as furnish- 
ing their basis. 

The Government vaults at Washington andatNewYork, in the Treas- 
ury and in the subtreasury, contained at the time of our examination 
about $700,000,000 in bonds, notes, and c^oin. Of this, about $90,000,000 
in ail ver coin was hoarded in vault No. 1, about $80,000,000 in gold in No. 2, 



Digitized by VjOOQIC 



4 VAULT FACILITIES OF THE TREASURY DEPARTMENT. 

$8,500,000 in negotiable notes in N^os. 3, 4, 5, and 6, abont $220,000,000 
in national bank securities in 'No. 7, and nearly $300,000,000 of reserves 
for replacement of worn and mutilated notes were stored in ^o. 8. 
These 4,500 tons of coin and $550,000,000 in bonds and notes are all 
preserved in vaults of varying degrees of security; but no one of the 
eight vaults in the Treasury at Washington represents either modern or 
approved construction, such as would be considered by a banker in a 
country town, East or West, desirable on the score of both pride and 
ordinary business discretion. They are neither a source of satisfaction 
to the officers of the Department as representatives of the best or even 
of good modern construction, nor are they illustrative of that fine work- 
manship and finish which has come of late to be considered as only 
second in desirability and suitability in every important bank to 
safety. As they stand they are not simply lacking in the elements of 
excellence distinguishing the latest constructions of this kind; they 
are absolutely discreditable to the nation and to its mechanics and to 
the Department to which the care of the stored wealth of the Govern- 
ment is confided. 

Taking the several vaults in order : No. 1 is a large vault in the base- 
ment, 50 by 90 feet on the floor and 11 feet high, and not constructed as 
' burglar-proof in the usual sense of that term. Its inaccessibility from 
the outside, and the fact that it is only used for silver, the removal of 
which in any large quaiitity would be impracticable by burglars, even if 
it were reached at all, as well as the efiiciency of the guards, are relied 
upon for security. No. 2 is a masonry vault, steel-lined, and, like No. 
1, has good doors and locks. It is for its time a very good piece of 
work. Nos. 3, 4, and 5 are totally unfit for the purpose intended, while 
Nos. 6, 7, and 8 similarly exemplity the antiquated character of many 
of the constructions in which the Government securities are kept. No 
one of them would be regarded by the average Government or bank 
officer as either representative of good modern practice or creditable 
to the most modest country bank in the United States. It may be 
readily understood why this Commission considers them altogether dis- 
creditable to the Department and the nation. The Treasury Depart- 
ment of the United States should possess the most absolutely secure 
and most perfectly constructed system of safes and vaults that the art 
of man can to-day produce. 

Safes are in use only in the Eedemption Bureau, where we find several 
employed for the storage of bills in comparatively small quantities at 
night. These safes are now a quarter of a century old, and it is need- 
less to say are not suitable to their place or their purpose. If safes are 
to be used at all in the Treasury they should be the best that can be 
found, and should be replaced by later and better constructions, as the 
progress made by the builders permits a gain in security to be thus at- 
tained. 

The real safety of the Treasury lies in its system of guards and police 
protection, a somewhat costly but a very effective system, where, as 
here, the number employed maybe made so considerable that their sud- 
den attack and capture or their bribery is rendered improbable or per- 
haps quite impracticable. Any system which keeps the deposits under 
the eye of any considerable number of persons is the safest possible 
against all but mob violence. 

The Commission found that the storage capacity was already too small 
for the regular purposes of the Treasury, and considered that the con- 
tinual increase of storage demand would make it advisable to very soon 
greatly enlarge in all divisions. Your Commission are in this matter. 
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therafore, in accord with the officers in recommending a complete and 
absohitely satisfactory reconstruction so far as practicable, the build- 
ing of additional vaults, and the introduction of a sufficient number of 
modern safes — if they are preferred to a vault — ^in the Redemption Bu- 
reau to accommodate the Department fully for many years to come. 

The nature and probable cost of these extensions had already been 
substantially determined by the Department before the appointment 
of this Commission. Their extent, as then proposed, may i)robably 
be taken as a minimum requirement, and the cost of the construction, 
whatever the form ultimately settled upon, may be safely taken, it is 
judged, at approximately in accordance with the estimates then made 
by tbe Treasury; which estimates were apparently very liberal for the 
moderate extensions then suggested. This Commission would be in- 
clined to consider the entire replacement of the present vaults and 
safes by the latest and best constructions a very wise and, as a matter 
of insurance, economical measure. 

While this work is going on this Commission ventures to suggest 
that the opportunity should be taken to make all the offices, and es- 
pecially in the Redemption Bureau, where notes are handled in such 
large quantities, absolutely safe against assault by organized gangs 
and against sneak-thioves, by the adoption of all those simple but 
universally employed expedients which are to be seen in every banking 
office of any magnitude in the country. While the policing and the 
guards of the Treasury make it safer than are the majority of banks 
against this sort of attack, it is unwise and inexcusable to neglect these 
minor and inexpensive precautions. 

The subtreasury at New York was found by the Commission to be 
more satisfactorily protected than is the Treasury at Washington. In 
some respects, however, improvements may be etfectcd, and the Com- 
mission would respectfully suggest that the officers of that, and of other 
sabtreasuries as well, be called upon to give a minute report of the 
condition of their vaults and on desirable improvements, securing one 
or more expert advisers in making up the details of proposed construc- 
tions, extensions, and alterations. It is especially important, in the 
view of this Commission, that the enormous deposits of Government 
and other securities held in the vaults of the subtreasuries in the 
large cities, and at the mints, also, be made as safe as art of man will 
permit, against both internal and external enemies and against both 
burglars and mobs. While the dex)08its of the Government at Wash- 
ington and elsewhere are as safe as the circumstances permit them to 
be made, in the absence of the latest improvements of construction and 
invention, and may be termed, all things considered, reasonably safe, 
it is not the fact that they are protected as effectively, their guards 
apart, as are private deposits of vastly less magnitude and importance, 
or nearly as effectively as modern methods of construction and modern 
inventions make readily practicable. 

In the following report it is proposed to describe, first, the method of 
building safes and bank vaults of the usual and standard forms by the 
best makers, the characteristics of the materials of which they are com- 
posed and the method of their utilization, the system of securing their 
doors by locks and accessories, and the later forms of automatic opera- 
tion of the bolting and locking devices. It will then be attempted to 
indicate what are the more striking of newer inventions and forms of 
safe and vault, not yet generally and widely introduced, or considered as 
yet standard, and to give some idea of their relative claims and values 
so far as our, as yet, littiited acquaintance with them may permit. Some 
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experimental work exhibited to the Commission, or performed under 
their supervision, will be described in this connection, and the less 
important aspect of the liability of safes and vaults to attack as by 
mobs, may be briefly referred to. Finally, some interesting^ methods of 
reenforcing the usual methods of protection by accessory systems may 
be discussed, and tlieir promise, as judged by their information and 
experience so far available, may be in some degree indicated. 

The recommendations of the Commission, as to extent of additions 
and alterations of existing constructions under the charge of the 
Treasury Department, will be based largely upon the requirements of 
the Treasury as defined by its own officers. Their form as respects 
character of construction will be based ui)on the general experience of 
bank officers, the results of experience during years past with the 
standard forms of safe and vault, as attacked by all the inumerable 
devices that the burglar, the boldest and most skillful and ingenious 
of all mechanics, has been able to bring to bear against them, and upon 
the knowledge and testimony of experts and of the members of the 
Commission, as modified or reenforced by their own direct experiments. 
It will be assumed that the Government should have the reputation, 
as well as enjoy the certainty, of having the most absolutely safe 
system of preservation and ])rotection of its enormous wealth, in the 
form of deposits in its Treasury and subtreasuries, and its mints, that 
the art of the modern mechanic and inventor has been capable of devis- 
ing and providing; that its safes and vaults should illustrate the best 
workmanship that the American mechanic can produce; and that its 
officers should be given every facility and convenience that experience 
has shown to be desirable and practicable in the handling and pro- 
tection of securities intrusted to their care. 

Standard modern safe and vault construction, as it has taken shape 
during the generation just ending, has come to one practically univer- 
sal general system. All the best-known makers and every manufac- 
turer doing any large business adopts the same plan, in the main, and 
the difterences observed among them are in details of construction and 
assemblage of parts. The chamber designed to be burglar-proof is, in 
such construction, made invariably of alternate layers of soft and tough 
steel or iron of similar quality as nearly as may be, and of plates of 
steel hardened as intensely as is found practicable; the two metals 
being laid alternately, one over the other, in the walls of the chamber, 
in such manner as to finally constitute as nearly as possible a single 
mass. The idea of the constructors is to insure strength and toughness 
and i)ermanence of form by the use of the softer but more ductile mate- 
rial, while the harder (but necessarily comparatively brittle) metal gives 
a certain immunity from the dangers of attack by drilling the mass. 

The softer metal is, in the best work, the best and toughest of the 
so-called "mild" steels made by the "open-hearth" or the Bessemer 
process, a metal which possesses all of the finer qualities of the best 
and toughest and most ductile irons, together with that freedom from 
lamination and "cinder-streaks," or other defects of structure, which 
can never be attained with iron, but may always be observed in the 
best steels. The harder metal is either "high" carbon steel, of the 
tool-steel quality and characteristics, or is one of the singular iron 
compounds known as the "self-hardening" steels, as some of the alloys 
are termed. It is usually a hard chrome steel, the alloy of iron and 
chromium, the latter in very small doses, being found to weld readily 
and comparatively thoroughly with adjacent layers of iron. A common 
method of manufacture is to alternate three layers of iron or soft steel 
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witb two iaterinediate layers of steel capable of takiDg on extreme 
hardness, and to roll them down together, hot, to form one sheet of 
abont one-half inch thickness, finally tempering it in such manner 
that the imbedded steel plates will offer very great resistance to the 
best- tempered drill or cutting tool, or perhaps even completely resist 
its entrance beyond the outer iron layer. 

Composite sheets of this sort are then built into the walls of the safe 
or vault, alternating with heavy half-inch iron or soft steel [dates; and 
a thickness of several inches is thus obtained, capable of at least retard- 
ing the operations of the burglar sufficiently to prevent his successful 
penetration of the interior within the period ordinarily available for his 
work. Absolute impenetrability is unobtainable and is not expected ; 
but if the walls can be made so thick and of such resistant material that 
it may reasonably be expected that the attack can not be made success- 
ful within the time available during the night or through the interval 
of a Sunday or other holiday, or possibly two coming together, it is con- 
sidered that the result is quite as satisfactory. This, then, is the aim 
of the builder; while the object of the criminal attempting entrance is 
to secure such tools, and to adopt such expedients, as may give him 
reasonable expectation of reaching his object and getting away with his 
X>lunder in the few hours thus usually at his disposition. 

The inventive powers and the constructive skill of the builder and of 
the burglar are thus continually pitted against each other, like the 
makers of modern guns and armor, and with the inevitable result of 
steady improvement of the construction and constantly closer approxi- 
mation to impenetrability, both absolutely and relatively. Some of the 
most interesting and instructive and, in some directions, most valuable 
inventi(ms and improvements in construction, have resulted from such 
contests in this Held, and the modern safe illustrates wonderfully 
admirable applications of talent. 

As a general rule, the most vulnerable part of the structure is the 
door and its fastenings and the adjacent parts of the walls. The door 
is commonly made thicker, often much thicker than the walls of the 
chamber elsewhere, and it is reenfoixjed, and its locking and bolting 
systems are made effective for their purpose by the most ingenious 
devices to be found in the whole range of mechanics. It is here, in 
fact, that the ingenuity of the modern mechanic is mainly demanded 
and principally displayed. 

The <loor of the safe or vault is constructed; like the walls of the 
chamber itself, of alternate layers of soft and ductile, and hard and 
brittle, steel. The only opening through it is for a small steel spindle, 
also made of combined hard and soft material, often twisted together 
and welded into a single piece ; and even this small hole, plugged as it 
is by a piece extremely difficult to attack or remove, is now often 
omitted, and the purpose of the spindle, that of moving the bolts 
when released by the lock, is accomplished by an " automatic " system 
of mechanism, set in operation at the desired hour by means of a 
" time lock", having a clock movement (capable of determining the pre- 
cise moment at w hich this action shall take place, and as previously 
arranged by the officer in charge of the safe. 

The most vulnerable portion of the construction then becomes the 
edge of the door, where more or less difficulty must always be found in 
securing an absolutely tight joint, impervious to the liquid exjilosives 
now familiar to safe-maker and burglar alike. A nicely machined and 
fitted edge and jamb, and sometimes a packing introduced between 
the two, are the final resources here; but this remains, in all forms yet 



Digitized by VjOOQIC 



8 VAULT FACILITIES OP THE TREASURY DEPARTMENT. 

devised, a somewhat dangerous line of weakness, as compared with 
the remainder of the structure. In a few cases, and in small safes, this 
fitting of the door is eflfected by giving it a circular form, and turning 
it and its frame nicely in a lathe, thus securing a more perfect joint 
than is probably practicable by any other method. Whether this 
method, even, gives corai)Iete immunity from this most dangerous 
method of attack seems still somewhat uncertain ; but it is the best 
that can be done to-day. It is not usually considered applicable to 
large safes, or to vaults; although this commission see no reason why 
it should not often find application in such cases. 

The bolting and locking system in use, generally, in the modern safe 
or vault, consists of a series of steel bolts of great strength, secured 
upon the inside of the door, and actuated by a small spindle passing 
through it, or by an automatic mechanism. This system of bolts, 
when thrown into place, fastening the door, by their engagement with 
the sockets made for them in the jamb of the door, on all four sides, is 
locked by a steel block, held in place by the locks, and in such manner 
that it may easily and safely sustain all the pressure that can be pos- 
sibly thrown upon it, in the effort to throw the bolts illegitimately, 
without bringing any load upon the parts of the lock. 

The lock proper is thus actuated either by a "time" system, a clock 
mechanism, set to automatically act at the appointed time, or by a 
spindle forming part of a "combination" capable of an immense number 
of different variations; which combination must be correctly set before 
it is possible to throw the bolts. Where this method is employed, the 
lock spindle, a small rod of steel and iron, or other satisfactory material, 
is passed through the door beside the bolt spindles. This compels the 
piercing of the door by two spindles; the time lock requires but one; 
and the automatic system has none. 

A bank vault of the usual type thus consists of laminated walls of 
alternate hard and soft steel, entered through a door of similar con- 
struction, locked by a set of heavy bolts which are, in turn, fixed, when 
thrown, by the action of a lock, either "combination" or "time," and 
sometimes by an "automatic" system which also unlocks the door at a 
stated time, fixed in advance by the officer in charge. 

Variations are introduced into this standard gojieral construction by 
the various makers; each having, usually, some peculiar and generally 
patented device which gives that maker control of a characteristic form 
of safe or vault, which may be called by his name, and thus a place in 
the market secured. In many cases, these devices are of real impor- 
tance; in others, they are merely patentable minor details of no other 
importance than as aiding in holding a specific construction for business 
purposes. 

Thus, one maker, the Herring Company, introduces, whon desired, a 
layer of "franklinite" in place of the steel employed by the average 
maker, with, as is claimed, the result of securing greatly inc/eased re- 
sistance. This substance is a fine grade of cast iron , containing u consid- 
erable percentage of manganese, the presence of which gives it extraor- 
dinary hardness, greater, as is claimed, than that of any hardened steel. 
The material is, however, very brittle and crystalline, and is easily frac- 
tured by a sharp blow. To meet this objection, it is cast upon a net- 
work of iron or steel rods; so that, though fractured, the parts may still 
be held together by the tougher metal. Thus arranged, the inch or 
inch and a half of franklinite plate is found to give a real accession of 
resistance. It is usually substituted for a half-inch iron-and-steel 
plate. 
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Another maker employs a peculiar form of bolt, for connecting sheet 
with sheet, in the assemblage of the parts of the side walls. This system 
of bolt connection as ordinarily made consists of a set of "tap bolts, '' 
each penetrating the sheet which it is to hold and screwed into the next 
outer sheet, thus holding the one to the other. Another set connect 
the second of these to a third and next outer sheet, the two sets of 
bolts "breaking joints" in such manner that no hole penetrates more 
than two sheets. All the sheets composing the waU of the vault are 
thus connected, the whole being built up from the inside outward. 

No bolts are seen on the exterior, in some makes, the outer sheets 
being only drilled partly through, and the tap bolts uniting them to the 
next inner sheet being tapped only part way through the outside plate, 
which should be made heavier for that purpose. In the case of the 
make here especially referred to, the builder makes a cone-shaped bolt, 
threaded all the way from end to end, and without head, which bolt can 
be screwed into the two sheets to be united by it; thus constructed, it 
gives no hold for the clamps or nippers sometimes used in attacks on 
such structures, for the purpose of drawing out the ordinary bolts. 
These bolts are made of welded bundles or fagots of steel and iron rods 
drawn down to size, and then ttoisted to make their destruction by drill- 
ing impracticable. 

The same makers, the Hall Safe Company, modifies the construction 
of the door, with a view to securing immunity from the danger of their 
being forced by the use of wedges inserted between the door and its 
jamb. The edges of the door are made with a set of dovetails, enga- 
ging suitably with the corresponding parts of the jamb, thus obtaining a 
system of interlocking which, with good fitting, makes the two substan- 
tially continuous and prevents the opening of the crack between them 
by the springing of the door under the pressure of the wedge. 

The door-spindles, giving, as they do, a possible opening into the 
safe, once they are removed and the hole through which they were 
passed is exposed, are evidently points of weakness in such construc- 
tions. This difficulty is met, in some cases, by dividing the spindle 
into two parts, each passing half through the door, but at different 
points, and the two connected in the middle of the thickness of the 
door by a system of small gears set into recesses suitably made in the 
mass. No continuous straight hole being in this case employed, it is 
considered that greater security is obtained. In another construction 
the spindles consist of a series of small cylinders and larger discs set 
along a common axis with the expectation that the removal of such a 
piece made, as it is, of steel and iron, or of hard and soft steel, will be 
found a matter of much greater difficulty than in the case of an ordi- 
nary straight spindle. One maker uses a spindle of large size and 
heavy construction, assuming that the difficulty of entrance by this 
point is increased with increase of size; while another makes his spin- 
dles as small as is possible, retaining sufficient strength to throw a 
system of easily moved bolts, believing that the smaller the hole 
through the door the less the danger of serving a useful purpose, from 
the burglar's point of view. 

Locks are employed in great variety; but they are usually, now, of 
either of the three classes which have been already referred to: "dial" 
or "combination " locks, simply ; " time-locks" simply ; " automatic" time- 
locks ; or they are combinations of the first two. There are many forms 
of each of these locks; but their general construction, and the princi- 
ples upon which they are fundamentally based, are substantially the 
same^ and are so familiar to all who have to do with this kind of me- 
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cliaiiisin that detailed description is liere unnecessary. Tlie value of 
dial-locks depends somewhat upon the number of possible conibinatJouH, 
as well as upon the excellence of its general design and coustructioiL 
They are therefore made with such a number of possible combinations 
that the finding of the combination in use, by trial, is made entirely 
out of the question; it involves the selection of a single arrangement 
out of millions. The solidity and fine finish of the lock insures perma- 
nence of satisfactory working, and certainty of being able to resist any 
force likely to be brought to bear upon it. 

The time-lock includes the delicate mechanism of a good timepiece; 
and this means x)ossibility of failure through breaking of springs, or 
other accident, either in its ordinary use or when jarred by the bloAv of 
the burglar on the outside, or by the action of his explosives. As an 
insurance against such failure of the lock and against the resulting 
"lockout'' — one of the most serious accidents occurring in the use of 
safes and bank vaults — two, three, and sometimes even four clock- 
movements are introduced, either oi" which will do the work required 
of it, and thus, in the event of any one of the movements failing, the 
others may act. They are subject to regular inspection and the chances 
of any one failing are very slight; the chances of two failing at the 
same time are unimaginably small, except where seriously shaken by 
the action of high explosives, in which contingency there is less ob- 
jection to its occurrence. With three or four time movements, there is 
practically no possibility of failure to act at the intended time. To evade 
even tlie possibility of injury by explosives acting on the exterior, 
these clock-movements are sometimes mounted upon springs. Tiie most 
recent constructions of the time-lock are thus safe against all known 
contingencies of practical oi)eration, embodying, as they do, the most 
excellent workmanship, the fruits of the highest ingenuity, and the 
most perfect adaptation of mechanism to its specified purpose se^en in 
modern mechanism. 

The automatic system, like the simple time-lock, in its novel features, 
involves additional risk of breaking springs. It is therefore made 
with duplicated and triplicated sets of springs, and thus given secu- 
rity of equally high order with the time-lock — probably, if possible, 
still higher. In this arrangement, when the time for throwing back 
the bolts of the safe-door arrives, the time-lock releases a trigger, which 
sets in action a set of heavy springs; these springs, in turn overcome 
those which, on closing the door, throw the bolts into place without 
aid from outside, and thus the bolts are withdrawn at the intended 
hour and the door may then be opened. A large surplus of power in 
the locking system of springs, and a still more liberal excess of strength 
in the unlocking system, with duplication of parts, gives all desirable 
security against failure to act. Assuming this security ample, in any 
given case, the fact that there is no opening through the door, no spin- 
dle, for any purpose, gives great certainty of protection, and makes 
this, the latest device of its class, the most secure. 

One of the princii)al, if not really the most important, reasons for the 
now universal adoption of time-lock systems, automatic or other, is that, 
with a combination lock, without reenforcement by the time-lock, it has 
been not infrequently found possible for the burglar to find the holder 
of the conbination, to compel him, at the point of the pistol, to go to 
the bank and to open the safe. On several occasions the officer thus 
captured has lost his life, refusing to aid the criminal who, disap- 
pointed, 1 as thus revenged himself. With the time-lock, in either of 
its forms, it is out of the power of the officer seized to open the door^ 
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even if be should be willing to do so, and the burglar, recognizing this 
fact, does not add to his own risks by calling upon a bank officer when 
he is aware that the time-lock is in use. He is usually well-informed as 
to the character of the problems confronting him before undertaking to 
solve them, having always, if an expert, taken ample time to inform 
himself, and often studying the construction of safe, vault, building, 
and surroundings, and the habits of the officers and guardians of the 
establishment, for weeks or even months beforehand. 

The methods of attack adopted by burglars in the endeavor to plun- 
der a safe or bank vault are perfectly familiar to two classes of persons, 
— the burglars themselves, and expert safe-makers — and are also often 
well-knoWn to bank officers. There is therefore, in what is about to be 
stated, nothing new to these classes, and there is no objection to pub- 
lication in the endeavor to make clear what this Commission has sought 
to accomplish and what has been ascertained. 

There are four principal, usual, methods of obtaining entrance into 
safes and bank vaults by professional burglars; all involving the neces- 
sity of finding a time when the bank or vault is left unguarded, or so 
insufficiently guarded that the burglars may readily secure undisturbed 
possession for some hours. Such opportunities as offer when a holiday 
gives an extra twenty-four or forty-eight hours for work are most 
desired; but a single night is the most usual period of their operations. 
In rare instances, time is taken for making approaches by concealed 
paths, as by tunneling from an adjacent building, and days or even 
weeks may be occupied in preliminary reconnoissance, and it often 
happens that weeks are given to learning the exact construction of 
building and vaults, the habits of the cashier and other officers and 
attendants, and sometimes to the making of the acquaintance of and 
to effectively bribing the watchmen. It is generally considered, how- 
ever, that the time that may be occupied must be confined to the few 
hours between the time of iate closing and early opening of the bank 
and adjacent shops and offices. 

The four methods are : 

(1) Drilling or otherwise penetrating the walls of the safe or vault 
or its door, and thus obtaining access to the locks and bolts, and then, 
very generally, opening them from the inside. 

(2) Stripping the wall of its covering, layer by layer, tearing off' the 
steel and the iron sheets, one by one, until the interior is reached. 

(3) Exploding gunpowder, dynamite, or nitroglycerine in some part 
especially easy of attack by this means, and thus destroying the locks, 
tearing open a door, or actually breaking into the walls of the struc- 
ture. Powder is sometimes blown into the crack left by imperfect con- 
struction about the door and between it and its frame or jamb. Nitro- 
glycerine is often run in the same crack where not absolutely tight, 
and, flowing as freely when warm as water, it finds its way in con- 
siderable quantities and along a considerable extent of edge, and, 
when fired, either rips off the door, tears off its outer layers, or at least 
makes an enlarged space into which a larger charge may be more 
effectively introduced. The minute space between the lock spindle and 
the surrounding metal is similarly found to be a weak point in usual 
constructicms. Dynamite is sometimes, where the conditions are espe- 
cially favorable to the use of large charges of powerful explosives, 
forced into cracks or laid against a weak si)ot, and well tamped by 
any convenient means; being fiicd, it may either make an opening or 
may produce a weakening eflect, of which advantage may be taken in 

^subsequently operating with tools or with other explosive charges. It 
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is barely possible that occasioDS may arise, a mob, iacludiDg men of 
sufficient skill and experience, making an attack, and when such ex- 
plosives may be obtained in quantity, when heavy charges maybe fired 
regardless of the sound and jar of the concussion ;. in such cases, this 
latter method may prove the most dangerous of all. Such cases, as a 
matter of course, must be rare, and, in the case of Government depos- 
itories, where an ample guard, well-armed, is sustained, is not to be 
considered as one of those to be apprehended. 

(4) Where combination locks only are used it has occurred that the 
burglars have sought the cashier or the officer entrusted with the com- 
bination, and have forced him to go with them to the bank and there 
to unlock the doors, giving them immediate access to the' interior. 
Time locks — the automatic system or other — and a divided or a mul- 
tiple combination are the expedients which meet this form of attack. 

Of these several methods of securing entrance into the safe or vault 
the first, because of its comparative freedom from noise or jar, is the 
favorite, where practicable and when time is given for its slow but 
usually certain operation. Although it is the fact that the safe-builder 
aims at securing, in the steel sheets introduced into the composite walls 
of the structure,' such hardness that penetration by any steel tool is not 
to be apprehended, the fact is that both the quality and the temper of 
the steel tool may, by careful selection and skillful hardening and tem- 
pering, be made superior to the average sheet steel thus emi)loyed in 
construction; and by the use of a number of such carefully made and 
tempered drills penetration, slow and toilsome, but, if not interrupted, 
ultimately sure, may be anticipated. In some cases the use of a com- 
pound blowpipe, employed to heat the spot to be attacked, and thus 
to draw the temper of the steel to be drilled, is practicable, and the 
task, in such cases, is rendered comparatively rapid and easy. This is 
not, however, usually practicable, except where a large hole is bored, 
and the access of the flame to a large surface is thus made possible. 

The high conductivity of iron and the close contact of cold adjacent 
sheets makes heating by a small flame, and through a small hole in the 
covering sheets of soft metal, very difficult. Holes of an inch diameter 
are as large as are commonly attempted; but it is not especially diffi- 
cult to bore holes 2 inches or more in diameter, and thus not only to 
gain opportunity to use a large flame but also to break up by hammer- 
ing any internal armor too hard to attack otherwise and of which the 
temper may be difficult to reduce by heat. This process is, in fact, 
sometimes adopted where the blowpipe is not used, the soft sheets 
being bored and the intermediate hard sheets broken by the blows of a 
hammer and removed piecemeal. Where the best tools and the most 
favorable conditions conspire to favor the criminal it maybe reckoned 
that he will enter at the rate of about an inch an hour. If his steel is 
not of the best quality, if his skill in tempering is not exceptional, and 
if the sheets are of the best make, he may break or dull the edges of 
all his tools and find himself able to penetrate only the outer sheet of 
soft iron or steel, and finally compelled to give up the attempt, his 
whole stock of tools exhausted. 

Stripping the safe of its outer covering is sometimes effected, the use 
of hammer and chisel being considered safe, the sound and jar of the 
repeated blows not being likely to be perceived, as where an isolated 
building is attacked in a stormy night, the inhabitants and the guards 
being either absent or captured and safely bestowed. With room to 
swing a sledge, and provided with plenty of chisels and good wedges, 
the burglar sometimes finds this task a comparatively simple one, 
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though laborious and slow. Once the outer casing is cut through, 
along any convenient line of separation, the wedging off of sheet after 
sheet 18 found a better method of attack than drilling. A single unin- 
terrupted night's work sometimes gives entrance into the heaviest of 
safes. Your Commission have seen a large and well built safe thus 
practically destroyed by four hours' steady work, using no other tools 
than a heavy sledge, cold chisels, and the wedge. In this process the 
sheets of hardened steel, or other drill-proof metal, offer comparatively 
slight resistance, and are easier removed than the plates of softer metal. 
The essentials to success are mainly ample room to swing a heavy 
sledge, or to handle a hammer and cold chisel, plenty of time, and rea- 
sonable certainty that the sound or jar of heavy blows may not attract 
attention. 

When the attack is made by a well organized and well-equipped party 
of "professionals," provided with a good "kit" of the best tools, with a 
stock of high explosives, and having taken such precaution as to be 
safe against interruption during a night's work, the use of one or of a 
combination of these various methods becomes iairly certain of result. 
Drilling is always safe, under such circumstances. The high explosives 
are remarkably local in effect and produce singularly little sound or 
jar; and the sound and jar of hammer or sledge are not very likely to 
attract attention when the building is isolated, and especially if the 
night be dark and tempestuous. Where the explosive can be intro- 
duced in ever so small an amount the way is soon opened for a 
larger charge, if not for the use of the wedge and of the "jimmy." If 
the joints are too tight to admit even nitroglycerine the use of the chisel 
and wedge or of a drill may give access to a spot into which the explo- 
sive may be successfully introduced. Once either wedge or dynamite 
or other explosives finds entrance the work is certain of completion, 
time being permitted for their further use. The impunity with which 
explosives are used on such occasions is one of the most remarkable 
elements of this always remarkable business. 

It is, all things considered, obvious that the one great desideratum 
in the protection of these structures against successful attack is a reli- 
able system of watching and guarding. 'No successful attack can be 
made where the spot is visited frequently, and it is only necessary to 
make certain that the safe or vault is strong enough to resist safely for 
the full time between visits of its guardians, and that the watchmen or 
guard make those visits regularly, with no risk of interruption in either 
going to or leaving the spot at the assigned times, to make the deposits 
absolutely safe. A captured gnard, however, when the immediate 
detection of the fact of capture is not assured, gives the attacking force 
the best possible assurance of uninterrupted work. A guard suffici- 
ently numerous, or sufficiently well assured of prompt reenforcement, 
in case of attack or capture, to make its utility certain, is a positive 
insurance with any good system of safe or vault construction. With 
certainty of alarm in case of capture one man on guard is as good as 
an army; but where the deposits are of exceptional importance watch- 
men should always go in pairs at least. The automatic systems of alarm 
in case of attack, " burglar alarms " such as are presently to be described, 
are, perhaps, on the whole, the most satisfactory, both as alarming the 
burglars and as calls for a guard. 

Comparing the constructions in general use it is seen that the requi- 
sites for safety are mainly two, security against penetration of walls 
or door and such tightness of the joints (unavoidably left), in and 
around the door as will prevent the introduction of explosives, either 
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immediately or after preliminary enlar«:ement by drill or wedge. This 
means the best of known materials for the purpose and the best possi- 
ble workmanship, both of whicjh requisites are often absent in the safes 
found in the market. 

The materials used in the standard constructions, as supplied by the 
best makers, are usually good wrought iron, or the best of soft steel of 
quality similar, as nearly as i)0ssible, to tbat of good wrought iron; a 
good hardening grade of carbrm steel or of chrome steel of similar 
grade; and sometimes special compositions, as, for example, that known 
as '^ franklinite." The latter, as before said, is a cast iron with some 10 
per cent of manganese alloyed with it, and is derived from the so called 
'^franklinite'' ore, of which large deposits exist in the State of New 
Jersey. Of these metals the llrst is employed on account of its tough- 
ness and ductility, which quality makes it an admirable material of 
which to make the outer casing and the sheets which are employed to 
inclose the hard-steel plates introduced, because of their precisely opix>- 
site quality, their hardness, and drill-resisting power. 

The combination of tough and ductile with the hard and resistant 
metal gives that which is regarded by the builders as the most perfect 
possible combination for the prescribed purpose. The best arrange- 
ment is that already referred to in which alternate sheets, usually 
three of soft metal inclosing two of hard steel, are laid together in the 
rolling mill and rolled down into a single comparatively thin sheet, the 
surfaces, at the high temperature emi)loyed, being welded together and 
one of a half-inch thi(?kness being thus obtained, whicli presents very 
great resistance to any method of attack. Cluome steel, frequently 
employed in this combination, is a carbon steel of tool quality, into 
which is incorporated a small pex^centage of cbromium, which alloy 
has the double advantage of addiTig to its hardening quality and in- 
creasing its welding power; the latter being probably the more impor- 
tant advantage. The incorporation of the hard with the soft steel into 
one sheet by this process of welding together and rolling down gives 
the further advantage that the hardening of the hard steel has less 
effect in distorting the sheets and in introducing difficulties in the 
work of fitting them in place and securing exactness of bolting and 
close joints between plate and plate. The hardened steel is probably 
never as hard, in this case, however, as w^here the high-carbon metal is 
hardened by itself and then put in place sei)arately. Very possibly a 
combination of the two systems may prove the l)est on the whole. 

Franklinite is so hard that the drill will usually not penetrate it, but 
it is so brittle that it is easily broken by repeated blows, when the plate 
can be reached to strike it, though cast upon a gird of wrought iron or a 
soft steel netting to secure it against general breaking u]) when thus 
cracked. Itsbrittleness is such that it is necessary also to cast itinsome- 
A^hat thick and heavy sheets in any case, and a plate thus made may 
fairly be taken, perhaps, as a substitute for the half inch plate of hard 
steel used otherwise. It is sometimes considered wise to employ this 
as a superadded defense, building the wall as usual and incorparating 
this within it. 

Writing of the quality of steel supplied safe-makers a well-known steel 
manufacturer says, "as a rule the ste61 employed for such work is the 
cheapest quality that is made," which would suggest the advisability, in 
case work is done oii contract for the Treasury, of introducing into the 
specification a very exact prescrijjtion of (j[uality and of tests of the steel 
used. The same writer goes on to say, however, '' we do not tliink that the 
quality of the steel has very much to do with the built-up or laminated 
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safes, inasiiuicli, aa a rule, when eflfort is made to destroy tlie work, it 
is done by tearing* the plates apart, one leaf after another, and not by 
drilling." This Commission would none the less advise exceedingly 
stringent specilications of quality of steel as well as of workmanship, 
and would also advise the reference of any proposed specifications to 
an authority having no interest in the work, direct or indirect. 

Precise information in regard to the chrome and the '^self-hardening 
steels'' of the tungsten tyi)e is difficult to find. It is known, however, 
that they possess properties peculiar to themselves, which often make 
them valuable for specific purposes*. The chrome steel used in safe 
making is stated by the makers to be tool proof, uniform in quality, 
and capable of welding either to iron or to itself without deterioration or 
loss of hardening power. A very large proportion of the steel used in 
this line of manufacture is said by this firm to be either made by them 
or to be sold as such. The samples furnished the chairman of the 
Commission are precisely what is claimed for them, and illustrate beau- 
tifully their excellent welding and hardening properties. The hard 
and soft metals are rolled into sheets and welded in the process, draw- 
ing down, at the same time, to the desired final thickness. It is sup- 
plied to the buyer soft, and is by him fitted into the structure and 
then taken out, hardened, and returned permanently to its place. 
This steel is said to harden at a low heat and to require somewhat 
peculiar handling for best results; but it has now been in use many 
years, and there is no mystery about its method of working to those 
accustomed to its employment. Complete analyses of this steel will be 
found in the report of the United States board appointed to test iron, 
steel, and other metals, edited by the chairman of this Commission, as 
also of the standard carbon steels, and a full account of their proper- 
ties as developed by the investigation of that board. (This report is 
now difficult to secure; but the more important of its conclusions and 
data may be be found in Thurston's Materials of Engineering, Vols. ii. 
and III. New York, J. Wiley & Sons, 1884-'85.) The earlier analyses 
of the chrome steels, as published elsewhere, are unreliable, the methods 
of determination of chromium in the presence of iron not having been 
satisfactory. In some instances, in fact, chrome steel was reported to 
be destitute of chromium. Those tested for the United States Board, 
as above, were probably very accurately analyzed. It would seem 
certain that the presence of chromium is an advantage in the present 
connection as giving greater certainty and perfection of welding in 
sheets in the process of rolling. 

BxJict information relating to the relative or the absolute security 
of the various forms of safe and bank vault in use as constructed by 
the best builders is difficult to obtain in reliable form; but this is not 
the place to go into great detail in this matter, and it will be sufficient 
to say that, in the judgment of this Commission, no one of the con- 
structions now in the market and recognized now as standard can be 
asserted to be absolutely burglar proof. Given ample time and any 
one of them can be penetrated by the drill, blown open with high ex- 
plosives or torn to pieces by stripping oil*, by peeling their laminated 
sides, plate by plate, until the interior is reached. Assuming a few 
hours only available, any one of them can probably, if really well- 
made, so that they would be passed by a skilled and conscientious 
inspector, be expected to prove reliable against such an attack as 
might fairly be expected to be made upon it. Their differences are 
quite as much in workmanship as in design ; and only a skilled inspector 
can, in any given case, say whether the workmanship in any safe or 
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vault built under his eye is what it should be. Your Commission have 
seen very bad workmanship in a large proportion of the safes exam- 
ined. This statement is less applicable to the locks and the bolting 
systems, which usually illustrate wonderful ingenuity, admirable 
workmanship, and the best of materials. The principal defects observed 
in construction are bad fitting of doors to their jambs or frames and 
very bad fitting of plates to each other in building up the walls, as 
well as of the bolts intended to bring plate firmly and smoothly against 
plate, and to close up the intermediate spaces in such manner that 
neither tool nor explosive can be effectively used to separate them. 
These defects are often hidden by putty and paint. 

Hardened plates will warp more or less in the process of tempering, 
and good fits and tight joints become, for this reason, matters of extreme 
difficulty, even in the best establishments and with the most perfect 
tools and the best of workmen to handle them. These facts will be ac- 
cepted as ample justification of the recommendation of the Commission 
that any work done for the Treasury Department should be made to 
crarefiilly framed specifications and built under supervision of an expert 
inspector representing the Government. It should be subject to the 
most rigorous demands in respect to the character of materials and 
workmanship. It is very possible that, in some cases, proposing build- 
ers may be destitute of the needed facilities for doing such work as 
should be demai^ded, and it is well, in our opinion, to provide, in the 
forms furnished intending bidders, a provision that a preliminary ex- 
amination of their establishments shall be made by the representatives 
of the Deparment to ascertain whether the contract can be carried out 
satisfactorily in this respect, as well as in providing specified materials. 

Experimental investigations of the vulnerability of such structures 
have been very seldom and very incompletely made— except by burg- 
lars — and this Commission have been only able to gain such knowledge 
through the limited experiences of safe-makers testing their own and 
their competitors makes for the purpose of detecting and strengthening 
their weak points, and through the revelations of the methods and 
results of burglarious attacks upon them. The general results of these 
investigations have been given already, and a few more facts, in greater 
detail, may prove interesting in conclusion of this portion of our report. 

The only published account of experiments, made to determine the 
penetrability of safe materials, of which we are aware is that found in 
Appleton's Cyclopedia of Applied Mechanics, in which Mr. Buel gives 
the results of his attempts to drill franklinite made under the direc- 
tion of Mr. Benjamin for that work. The test was made in 1879 on a 
sample laminated construction, consisting of 2,6 inches of steel plate, 
2.1 inches of franklinite, and 0.42 inches of iron, the order stated being 
from outside inward. Drills and the blowpipe were used, and the en- 
deavor was made to make a hole 1 J inches in diameter through the struc- 
ture, starting on the steel plate. The force demanded to make the drill 
bite into the franklinite was stated at from 4,000 to 12,000 pounds, 
applied to the head of the drill spindle, and the 5.12 inches total thick- 
ness was finally penetrated (though not with a full-sized hole) in nine 
hours and seven minutes, of which time but three hours and two min- 
utes were occupied in actually drilling, the remainder being required 
to change the drills and to soften the hard steel with the blowpipe. 

One hundred and twenty-five drills were used in this operation. Three 
men gave all their strength to the work, and the hole through the 
franklinite was made finally only one-eighth inch in diameter. This 
substance could not be annealed by the blowpipe, but was penetrated 
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partly by (IriliiDg and partly by breaking or cracking with tlxe heat. 
(Appleton's Cyclopedia of Applied Mechanics, Vol. ii, p. 690.) Later 
experiments familiar to the trade have shown that it is easier in such 
instances to make a larger hole than a smaller one, and your Commis- 
sion have seen the best modern work of this kind thus penetrated at 
the rate of 1 inch an hourjjinder exceptionally favorable circumstances, 
and in the stock of competing builders maybeseen all constructions of 
familiar safes with holes bored through their sides from an inch to 4 
inches or more in diameter, and sometimes riddled with such holes. It 
by no means follows, however, that they are especially insecure. It is 
oltener the fact simply that ample time and the best of facilities have 
Ijermitted the comparatively easy destruction of constructions that 
would have effectively baffled the attempts of the most expert burglars 
compelled to work silently and within a limited time. 

In experiments exhibited to the Commission the alternate use of the 
drill and the blow pipe on walls over 3 inches in thickness of alter- 
nate steel and iron, the steel of toolquality and well hardened, enabled 
the attacking party to penetrate at the rate of a little less than 1 inch 
an hour for the whole thickness, and above 1 inch an hour for the greater 
part; the hole thus made being large enough to pass the arm of the 
workman. Many such holes in a variety of constructions of safes were 
examined, and the proposition already here stated, that none are abso- 
lutely invulnerable, was well-established by these observations and ex- 
periments, as well as by the general testimony of the makers them- 
selves. All the work performed in presence of the Commission in such 
experimentation was done under conditions, however, more favorable 
than could be expected to be secured usually by any burglar, but with 
the same tools and other ai)pliances. 

In the study, experimentally, of the effects of explosives the Com- 
mission were aided by experts in their use. As illustrating what could 
be done, were a mob able to obtain possession of a safe or of a bank 
vault for sufficient length of time, and at the same time, were it able to 
find and use the high explosives, the following experiment was per- 
formed: A well-made safe, with walls about 4 inches in thickness 
was placed where it could be safely attacked, and 12J pounds of 
dynamite exploded upon it. The result was the driving of a hole com- 
pletely through the wall large enough to pass the hand thrmigh, and, 
tbough ragged and irregular, amply sufficient to admit of the opening 
of the safe from the inside by an expert operator. 

The surfaces and edges of the injured plates presented the appear- 
ance of semimolten metal. possibly the mechanical simulation of the 
effect of heat. This experiment is not to be taken as representative 
of what might be exi)ected to be accomplished by burglars, or, even 
under any familiar conditions, by a mob; but it is valuable as giving 
some idea of the strength of these metal constructions as now made, 
and of the ingenuity of the modern burglar and the skill exhibited by 
him in the destruction of such intrinsically strong masses. 

The rei)etition of this experiment upon the same spot resulted in the 
enlargement and more complete cleaning out of the opening lirst made, 
the blowing off' of the whole outside sheet, and a general shaking up 
of the whole safe, with much internal injury that could not be fully 
measured. The safe was practically destroyed. 

The effect of the use of high explosives upon safes attacked in a more 
usual and moderate manner was best illustrated by the action of nitro- 
glycerin introduced into a minute crack around the door of a remark- 
ably well-made safe, unfitted, however, with a now common device, an 
8. Ex. 20 2 
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arrangement of rubber packing to meet this case. By the use of glaziers^ 
putty the crack was sealed on the face of the door and the safe from 
about the middle of its height down to the bottom and for a third of the 
length of the crack along the bottom of the door. Nitroglycerin was 
I)Oured into this crack until 3 ounces had entered and it had begun to 
drip from the lower side of the door. It was then fired. 

The result was the complete destruction of the lower pai-t of the door, 
the serious injury of the whole upper portion, and such general disrui>- 
tion that the entrance of the safe by the use of the jimmy was made 
easy. A few minutes' work by an expert user of that remarkable tool 
would have given access to the contents. The sound of the explosion 
was not very startling, the pieces were not thrown about very much, 
and the tumbling out of a part of the lining of the door as its lower 
sheets were displaced by the explosion was the most striking effect 
observable by the eye. 

This peculiar local and comparatively quiet though powerful action, 
of this class of explosives constitutes their most satisfactory quality 
from the standpoint of the burglar, who is thoroughly familiar with 
it and constantly takes advantage of it. There are probably few cases 
in which it can not be, in skillful hands, made most effective. In the 
opinion of this Commission it is exceedingly difficult to make the work- 
manship of the door so superlatively excellent as to completely evade 
this danger. It is not sufficient to make a good joint. The joint so 
made must be held up to its place and the contact of door and jamb, 
or of spindle and door, must be made so secure that the wedge, or 
the use of such minute doses of nitroglycerin as can be made to in- 
sert themselves by capillary action, shall not be able to enlarge this 
always possible capillary opening in such manner that larger charges 
may be introduced and a gradual extension of the opening, in this 
way, lead to the final use of effectively disruptive charges. 

The conclusion of the Commission, after witnessing what has been 
described, and seeing or hearing of much more to the same effect, is 
that the best constructions only are in any degree safe against this 
attack, and that even these must be further reenforced by some reliable 
system of watching and guarding if absolute security is to be attained. 

Systems of guarding have already been referred to as desirable in all 
cases, and on as complete and well-organized a i)lan as the magnitude 
of the interests involved will permit. Small banks and the minor safe- 
deposit companies employ usually a single watchman, who is expectetl 
to visit the guarded spot at regular and specified intervals. But a single 
man is easily overcome when taken by surprise and under the eye of 
waiting enemies. His movements become readily ascertained and the 
opportunity is sure to offer. By making a police station or other per- 
manently policed spot a part of his round, with orders to the watch to 
report at each turn, this danger is lessened, and the burglar's only 
chance is then usually to inform himself of the time of passing of the 
watch and the period of absence, going about his work the instant the 
guard is past and trusting to getting into a safe position before his 
return. Guards in pairs are vastly safer than single men ; but they, 
also, should report regularly and frequently at some safe external 
point in order that their capture, should it happen, may be immediately 
detected and a force of sufficient magnitude at once sent to the rescue. 
Where the deposits are of exceptional value the force employed as 
guard should be correspondingly increased, and always, however large 
the force, connected by regular communication — permanent if possi- 
ble — with ar '^•'*'* — ^ and still stronger body, as the public or private 
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police force or both. In the case of the great safe-deposit companies, the 
Treasury of the United States and its subtreasuries, this method of 
protection is likely, in our opinion, alwrrys to form an essential feature 
of the whole system. 

In the larger cities, your Commission find in successful operation one 
of the most interesting, ingenious, and probably reliable methods of 
protection and guarding that can be conceived, one that seems, where 
it is practicable to adopt it in all its completeness, competent to make 
the weakest construction safer than can be the strongest and best, if 
unguarded. This system consists in the envelopment of the safe or 
vault to be protected with an outer casing completely surrounding it 
in some cases, in others only protecting its most exposed and vulner- 
able partsj in which casing are concealed a net work of wires consti- 
tuting the circuit of a battery placed at some distant and easily guarded 
place, as at a police station, or at the central ofBce of the system, where 
an ample guard is always on duty. In some cities, hundreds of these 
circuits are placed under the protection of such a central guard, and 
the guard within the office and on its outside "beats" may number 
scores of men. 

The current of a permanent battery of low tension is, when desired, 
kept constantly circulating in this circuit, and affects, at the same time, 
a needle-indicator under the eye of the watch at the office. The safe 
can not be disturbed without disturbing the circuit and giving the alarm 
by causing the needle to drop back to zero, and usually ringing a bell 
as an alarm. An attempt to remove the wires is sure to result in the 
breaking of the ciUTcnt. Whether the safe is opened, by friend or foe, 
a record is made at the central station, and this is carefully preserved 
as evidence, should it be called for later. Eegular reports are made 
by the office and sent directly, at prearranged intervals, to the pro- 
prietors of the safe thus protected. In case of an irregularity, the 
proprietor is immediately notified and, meantime, a guard sent directly 
to the safe. The system is as simple as it is complete and the inventor, 
Mr. Holmes, has established a considerable number of stations in the 
city of New York, in Boston, and elsewhere, which are, so far as the 
observation of your Commission and general testimony indicate, most 
satisfactory. We are pleased to find a modification of this system in 
use at the subtreasury in New York, where these accessory systems of 
protection are more completely developed than elsewhere in the care of 
Government deposits, as the dangers of attack are probably greater in 
so large a city. The method is one capable of very extended applica- 
tion, and would find useful application at the Treasury, where, if 
applied, it should be arranged to bring into the circuit both the police 
station nearest the Department and the residence of one or more of the 
officers of the Treasury. Points difficult of protection by the usual 
system of armor, or which it would not be thought economical, on the 
whole to so protect, can be by this method made safe. 

The latest forms, as yet insufficiently well-known or introduced to be 
considered standard constnictions in safe and bank vault building, in- 
clude at least one important class, and in this class at least two types 
that have been strongly urged upon the attention of the Department 
and of the Commission. It has constituted one part of the work of the 
Commission to endeavor to ascertain whether these may be seriously 
considered, in calling for plans and in asking tenders for construction 
of vaults for the Treasury, and if so, what degree of security they may 
offer, and how they may compare in this respect with the so-called stand- 
ard makes which have been described in this report. 
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This class of constructioDS differs from the preceding in the metbod 
of securing the same general result — a combination of strong and tough 
material with a hard and presumably impenetrable stratum in a single 
mass — both in the character of the metal employed and the final result. 
Instead of a series of sheets, const itutinfj a built up structure, thisforms 
a single mass of the same metal, the two qualities sought being obtained 
by modifying the character of the metal from inside to outside in such 
manner as to give an immensely hard and resistant exterior integral 
with an interior of comparatively ductile, though soft and strong, though 
penetrable material. 

The metal employed is a peculiar grade of iron, such as is used in car 
wheels and other constructions in which its singular property of hard- 
ening with ^^chilling," with sudden cooling, is desirable. / 

When this iron is melted and poured into a mold in the usual man- 
ner, it is found to be a very strong and dense and homogeneous iron, 
very much stronger than common cast iron; so much so as to constitute 
a separate class, formerly generally known as ordnance iron, from the 
fact that it was that of which the remarkable cast-iron ordnance of earlier 
times was made, by Major Wade and Admiral Dahlgren for our Army 
and Navy, during and before the civil war. It is to-day mainly used 
for the manufacture of the better grades of car wheels, giving them 
properties which are a constant source of astonishment to European 
engineers and railway men. Its strength and ductility are vastly 
greater, and its "resilience" or blow-resisting power is many times 
greater than that of common irons. (See Materials of Engineering, 
Yol. II, pp. 440, 441, 442, and Report on Salisbury Irons; Bailro^ 
Gazette, 1877, also separately printed.) 

Common cast irons have a tenacity of about 20,000 pounds per square 
inch, common wrought irons about 50,000; while this metal, when of 
good quality, exceeds 30,000 and possesses five to ten times the duc- 
tility of the cast iron of the ordinary market. Its property of harden- 
ing by a sudden chilling is its most remarkable characteristic, however. 
On "pouring" this iron into a mold of which any portion is composed 
of a heavy mass of cold iron, the immediate reduction of the temper- 
ature of the molten mass to that of the colder iron, produces an effect 
similar to that observed in hardening steel ; and with the result, pecu- 
liar to this case, of giving a permanent hardness which can not be 
removed by simply heating to a red heat and slowly cooling, as in the 
case of steel. It can only be altered by remelting and the hardness 
thus produced in good metal exceeds that of steel tools. In fact, it is 
not now unusual to substitute tools made of this metal for those of 
steel when, as sometimes in boring a steam-engine cylinder, the metal 
is found too hard to be readily cut by common tools. The Pennsylva- 
nia Kailway Company in its shops at Altoona, has for some years past 
customarily employed chilled iron tools for such work as demands a 
hard and permanent edge while cutting at high speeds. 

The best of these irons are found at localities both in the East and 
in the West, well-known to all car- wheel makers and chilled roll man- 
ufacturers, and they ai*e always found in the market, where they sell 
at prices considerably higher than those obtained for the ordinary 
brands of iron for foundry purposes. Their peculiar qualities depend 
upon chemical properties as yet not fully ascertained; though it is 
known that the process of chilling involves the conversion of the graph- 
itic carbon, existing in the iron when soft, into the combined form, thus 
securing a carbide of iron which is crystalline and immensely hard. 
The chilling quality of the ii'on is exhibited by the depth of the chill, 
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which, in many cases, can be obtained to a depth of 2 inches or more 
from the surface in contact with the '' chill," as the mass is called which 
produces this hardening by its contact. The specific gravity should 
be about 7.2, and 7.25 may even be reached to advantage. (Materials 
of Engineering, Vol. ii, Iron and Steel, p. 440; Manual of the Steam 
Engine, Vol. ii, pp. 479, 480; also pp. 537, 538.) Such irons have been 
known to attain a tenacity as great as tliat of the softer grades of 
wrought ii'on, uuchilled, and a hardness, chilled, exceeding that of 
hardest tool steel. 

A special advantage of this class of metals for the production of 
such constructions as are here under consideration, is their easy melt- 
ing and casting into any desired shapes, and still more important, the 
readiness with which any desired construction may be thus produced 
with a chilled surface wherever it be required, outside or inside, and 
complete, or of limited extension on the outer or inner surfaces. The 
insertion into the sand molds, in which the piece is to be cast of a 
mass of cold iron, of sufficient thickness to promptly cool the molten 
mass as it enters upon it, insures that the portion so affected shall be 
made intensely hard, while the remainder of the mass may be soft, 
so as to be easily woiked. This process is a very old and familiar one 
to the engineer and the mechanic working in iron, and has been used 
for an unknown period, as, for example, in the chilling of the faces 
of anvils, to render them safe against injury by the blow of the black- 
smith's hammer. 

When and to what extent this material has been proposed or actually 
used in the construction of safes and bank vaults, this Commission have 
no knowledge; but, so far as they are able to ascertain, no serious at- 
tempt, and no at all successful endeavor, to make the metal useful in 
this manner was made until recently. 

Some years ago, Mr. William Corliss^ of Providence, E. I., while still 
engaged with his brother, Mr. George H. Corliss, in the manufacture 
of the Corliss engine, in that city, devised forms of safe which he 
thought sufficiently promising of value to place on the market. He 
built an establishment, organized the Corliss Safe Manufactaring Com- 
pany, and has since that time made this his principal business. Vari- 
ous changes and improvements effected since the first inception of this 
idea have brought this construction to a stage which makes it, in the 
opinion of your Commission, worthy of carelul study, and it may be 
considered as fairly out of the stage of experiment, and as among actual 
marketable constructions. Mr. Corliss has also recently devised forms 
of vault and safe doors, for use with fireproof constructions which 
possess interesting novelties of detail and important advantages over 
older devices, and has, still later, invented a form of safe or vault 
especially suited for larger constructions, and intended to compete with 
the standard forms of bank vtiults already described as in use in the 
larger banks, and by safe-deposit companies of the larger class. This 
Commission has very carefully examined these devices and the safes 
and vault doors made by Mr. Corliss, and also the establishment in 
which they are constructed, as well as the drawings and models of his 
latest invention, the chilled-iron vault. Descriptions of these inven- 
tions will be presently given. 

The second of the chilled-iron constructions above referred to is that 
built at Pittsburg and elsewhere by the National Safe Deposit and 
Vault Manufacturing Company of that city, under the patents of 
Messrs. Hough & Harper, of Pittsburg. This, also, has been carefully 
examined by the Commission, both in drawings and as built for safe* 
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deposit companies in Pittsburg-. Tliis form of safe, or more usually 
vault, is built under patents of dates of 1884 and 1889, and is a very 
different system from that just alluded to. 

The vault by these makers consists of a mass of blocks of chilled iron, 
of great size and weight, laid up very much as heavy cut-stone ma- 
sonry is put together, but with ingenious and curiously arranged rab- 
bets and dovetailed connections of block with block which seem to make 
the structure substantially a single mass. The external surfaces of 
these blocks are chilled to a depth depending upon their siize and upon 
the quality of the iron selected for the purpose; so that it may be said 
that the exterior of the vault consists of a surface of armor an inch and a 
half or two inches in thickness, and of such hardness that it may resist 
successfully the cutting edge of any ordinary drill, and may be abso- 
lutely impervious to the cutting edge of any chisel. These blocks are 
of such size — ^weighing from three-quarters of a ton to several tons, 
according to location, tlie heaviest being placed where the vault would 
otherwise be most vulnerable — that their weight alone con situ tes a 
serious obstacle to their removal, even if loosened by explosives. The 
joints are fitted by carefully shaping the blocks, giving them accurately 
smooth and plane surfaces and by grinding their irregularities off by 
means of an emory wheel, which is thought to be the only practicable 
way of even dressing them into greater accuracy of form, and of smooth- 
ing their surfaces and edges. The tonguing and grooving, and the 
dovetailing of block to block, and the final bolting of the whole by 
through bolts extending from top to bottom and from side to side, 
within the thickness of the 12-inch wall thus built up, is claimed to give 
the whole all the solidity of a single great casting. The key to the 
whole is the last block inserted, which makes the final step in construc- 
tion, and which is secured from the inside by a strong system of special 
bolting. 

In the Hough & Harper vault the door consists of a single enor- 
mous casting of iron, chilled on its exterior surface, and sliding when 
open, into a deep recess in the side walls. Its weight is 5 tons or more; 
its thickness 12 inches, and its strength probably all that is claimed 
for it or desired. It is carried on antifriction rollers, and is thus made 
to move with comparative ease. When closed it fits well, and the con- 
struction is such that we have not been able to discover a probably 
practicable method of attack from the outside. The system of locking is 
the automatic, which makes the use of spindles or other pieces passing 
through the door unnecessary, and evades that source of danger. The 
locks themselves are peculiarly arranged, being placed not on the doors 
as is customary generally, but upon the inside of the wall of the safe, 
adjacent to the door, and are inclosed in steel cases. The bolts pass 
into slots in the rear of the door. The opening is effected, in all cases 
of use of this system, by the action of a time lock, adjusted by the 
cashier or other officer entrusted with that responsibility. Two doors 
are commonly fitted to each vault, to insure absolutely against a^" lock- 
out," a precaution which is advisable in all cases and with all constrtic- 
tions. 

This vault construction has been too short a time in use to permit any 
experience to be had which can reveal its value in resisting the attacks 
of burglars by their usual and most effective weapons; and the Comis- 
sion are unable to assert more than that it seems to be a promising 
method of vault building. We do not see how the use of wedges could 
be successful in attacking it; the time required for drilling would seem 
likely to prove entirely too great to permit its being opened by any 
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process involving that method of attack, and even the high explosives 
would appear to have little opportunity for mischief, even at the door, 
thak usually most vulnerable spot. We are not prepared to say that 
this vault can not be opened by some ingenious application of a burglar's 
method und material, and in a burglar's time; but we have not been 
able to decide upon a promising method of attacking it by such means 
and in such time. If any vault of this make is opened, we should antici- 
pate that it must be by attacking it at the door with explosives, as in 
the ordinary case. Just how the two will compare we are unable to 
say; but we are inclined to place this construction among the more 
reliable of known systems of vault building. 

Where space is important, and land very valuable, it is possible that 
the thickness — 1 foot — of the walls of this vault may introduce a ques- 
tion of relative costs, and where it is imperative that lightness shall 
come in as an element of importance, its weight becomes a matter of 
consideration; as it has more than double the weight of the heaviest of 
the vaults of common forms. Its i)arts are not, however, heavy enough 
to make this objectionable in building; as they may be carried into any 
l)lace in which a vault would ordinarily be built, or through a window, 
without special difficulty. In other locations, this weight is an element 
of safety. Experiments made upon this material by the use of high 
explosives have been reported and published which give a very good 
idea of its strength and resisting power, in such masses as are here 
employed. In tests made (not by the Commission) at the works of 
the Griffin Car Wheel Works at Detroit, where vaults of this character 
have been constructed, the explosion of seven ounces of dynamite in 
three holes of, respectively, 3, 3i, and 5 J inches depth, and of 1 J inches 
diameter, and bored near the micldle of the door made for one of these 
large vaults, produced no other ettect than the "spalling" off of frag* 
ments on the edges of the holes. The drilling of the holes occupied, as 
reported, a total of forty hours, and destroyed 87 drills made of Jessop's 
'^ special" steel. The door remained practically, so far as could be seen, 
as strong and safe as ever. A set of photographs of this and other less 
severe tests has been presented to the Commission and are appended to 
this report (Appendix B) with other descriptive matter famished by 
the proprietors. 

In reference to this peculiar and interesting novelty in bank vault 
construction, the Commission, while unwilling to inejudge a case 
which must ultimately be settled by experience — and in which the tests 
must ultimately be finally made by experimenters of more experience 
and professionally more expert than even the safe-makers — are pre- 
pared to state that in our opinion, this construction is a perfectly 
X)ractical and peculiarly strong one, and may undoubtedly be placed, 
in spite of the prejudice that will unquestionably be met by it, among 
the actually available systems for protection of securities. The enor- 
mous thickness and massiveness of its walls, also, will probably prove 
of advantage often, in cases of fire, giving the structure up to a certain 
limit, a fireproof character; although it will probably be found advis- 
able to still further protect the contents by the use of fireproofing. 

A considerable number of these bank vaults have been built for bank 
and safe deposit companies, and of these the Commission visited two 
and carefully examined their construction and finish. Both were in 
the city of Pittsburg, the one in the building of the Fidelity Title and 
Trust Company, the other in that of the Farmers' Deposit National 
Bank, both of which are large and well-known and substantial 
concerns. 
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The first of these vaults is a structure of the usual thickness — 12 
inches — as adopted by these makers, and containing some 500 tons of 
iron. Its doors, two in number, are of equal thickness with the walls 
and each in a single mass, weigliing about 5 tons. They slide on fric- 
tion rollers into recesses in the walls on either side, hejivily reenforced 
to give ample strength at this the usually weakest point in such con- 
structions. Both doors are secured by automatic bolting systems witli 
time lock attached. The massiveness of the vault gives the impression 
of impregnabihty against burglar or mob and against either wedges or 
dynamite; but only time and experience can i:)robably settle that. The 
same statements will apply to the vault of the second of the companies 
visited. The interior was commodious and well lighted from the doors, 
of which, as should always be the case, two were fitted as an insuranee 
against a possible lockout. The work, so far as it could be inspected, 
was good, and the whole construction left on the minds of the Commis- 
sion an unexpectedly fdfvorable impression. The whole outcome of 
this visit was satisfactory, as giving new facts and opening new possi- 
bilities where it had not been expected that anything of importance 
would be revealed in the way of novelty. 

The Commission would have been glad to obtain further information 
relative to the strength of roof, for example, to withstand the heavy 
load carried in its own weight, and any added weight that may acci- 
dentally or purposely be brought upon it, and as to the possibly v^ul- 
nerable points undiscovered during their necessarily short visit. 

The Corliss safe and bank vault, first mentioned above, the first 
invention involving the use of chilled iron to find actual place in the 
market and to become a regular article of manufacture in competition 
with the steel and iron constructions most commonly adopted, was 
studied by the Commission with even greater minuteness than the 
Hough system. Mr. Corliss has thus far built only safes of moderate 
size, and a special and ingenious construction of vault door. He has 
plans and models of his proposed bank vault, as intended to be built 
of chilled iron, and these are sufficiently well made and complete to 
enable the expert to satisfy himself in reference to any matters of form 
and method of construction. The safe, as built to-day, consists of a 
spherical shell of iron, chilled on its exterior of from 4 or 5 to 6 or 7 
inches total thickness, of which the chilled and hard portion occupied 
the onter 2 inches. Within this shell is a " bugging," as it is denomi- 
nated, composed of a set of cast-iron segments of sufBcient thickness 
to permit the passing into them, in holes cast for that purpose, of a set 
of tool-steel rods, hardened as hard as fire and water can make them, 
and lying loosely in their places; the idea being that a drill, striking 
one of them, will be unable to penetrate the metal and, the rod, turn- 
ing under it, will simply break the drill by taking it at such disad- 
vantage, wedging the edge of the tool and bringing on it a lateral 
stress which is the more certain to cause fracture as the force is 
increased. The inventor is confident that the difficulties met with in the 
attempt to penetrate the exterior chilled shell alone will make it 
impossible to enter the safe ^'burglariously" in a "burglar's" time, but 
assuming this as a remote possibility, it will be found impracticable to 
drill further when it is thus reenforced. 

The door of this safe consists of a sphere or an oblate spheroid of 
iron, also chilled on its exi^osed face, hollowed out to receive the locks 
and attachments of the bolting system, and fitted into the doorway, a cir- 
cular orifice in the outer shell, by exactly turned and faced stepi)ed joints. 
A turned surface may be made a more exact fit than any other form 
and actual contact and permanent pressure between the two abutting 
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faces can be here secured more readily and certainly tban in any ordi- 
narily formed opening. The exterior faces, being in the chilled iron, are 
turned with special tools and the external part is finally brought to 
shape and fit by grinding. It is a very slow and costly operation, but 
a very accurate fit is insured and one which is intended to be made 
actually air-tight and metal to metal. The door is brought up to its 
place by pressure acting outward, and it is considered by the maker 
that it is practically impossible to either wedge it back and force it 
into the safe or to secure entrance by introducing explosives. 

The only practicable line of attack, aside from this closely fitted joint 
about the door, would thus seem to be drilling the shell, which, being 
in a single thickness, in^esents no opportunity for piecemeal destruc- 
tion. Of this safe it can only be said, as of all other forms in use, that, 
given time and good tools and materials, penetration is probably pos- 
sible, but that the time and tools ordinarily obtainable by burglars may 
fairly be presumed to be insnflScient for the purpose. 

This safe is considered by the Commission one of the practicable and 
valuable devices for the protection of securities. 

The lock is either a combination lock of good construction or the 
time lock with automatic unlocking arrangement. As customarily 
arranged, the destruction of the lock destroys the available means of 
access to the safe. The lock spindle is made of the best steel and so 
small that violent attack would simply break it and add to the diffi- 
culties of entrance; and the spindles used for manipulating from the 
exterior are so made that the explosion of dynamite against them, and 
at their extremities, accomplishes nothing, a fact illustrated by expe- 
riments made by Prof. Monroe, U. S. Navy, and by Lieut. Eodman, 
TJ. S. Army, and exhibited to the Commission. Double locks are 
employed to avoid the possibility of a lockout. 

The bolting system is an interesting and imiiortant novelty. It con- 
sists of a lever combination, operatedby the working spindles, which in 
turn acts upon a ring completely inclosing the door and fitting nicely 
both door and door socket in such manner that, when expanded into 
its place, it forms almost a continuous bolt around the door. The 
levers actuating the ring take hold of its two ends at a point where 
it is cut for the purpose, and either draw it together into the door 
or allow it to expand into the shell of the safe around the door, 
when, being half in the door and half in the door frame, as it may be 
called, it forms the strongest possible bolt. This flexible, elastic steel 
ring serves also to seal the joint, if other seal be needed than the nicely 
made fit already referred to. The whole is a well-contrived, ingenious, 
and novel system, as essentially a type by itself as is the Corliss steam 
engine in its class of inventions. 

In attacking this safe there seem to be but two ways of forcing 
entrance, viz, by drilling the shell, and by explosives used at the door. 
Against the latter this safe offers more perfect security than any 
examined by the Commission, through the accuracy and perfect contact 
of its door joints and fittings. Against the former it has the security 
given by its outer chilled surface and inner lining — a security, in the opin- 
ion of the Commission, of real value. Precisely how, in its latest form, 
it compares in this respect with the more familiar kinds of safe it is 
impossible to say; but we are inclined to rate it very high, and the 
advantage of the impracticability of "peeling" it, is undeniable. 

It was suggested to the Coinmission that it might be possible to cracl^ 
the outer shell by exploding dynamite or other high explosive againsi 
it; but the Commission is satisfied that this would be entirely imprac 
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ticable, and thus: This shell is necessarily made in two parts, in order 
that the door may be fitted to the inside; these two parts are secured 
together by a very accurately made faced and screwed joint of 
such character and strength that some millions of pounds would be 
required to break it apait, and this may be taken as ordinarily secure 
against any practically available method of burglarious attack. 

To observe the effect of explosives upon the shell, one of these parts 
of an unassembled safe was taken into an open space, where no danger 
would arise to buildings or persons, and was exposed to repeated con- 
cussions by placing upon it charges of dynamite of increasing magni- 
tude. The Commission saw it thus attacked with charges of 12 pounds 
of dynamite and more, and without breaking it. The surface was 
slightly burned, and fine hair-like cracks led off radially from the point 
at which the explosion was made, vanishing immediately from sights 
The same charges exploded upon a safe of laminated plates of alter- 
nate iron and steel, as before noted — as commonly constructed — drove 
a hole directly through it. The Commission was thus amply satisfied 
on this point. The shock of the explosion broke windows some hun- 
dreds of yards away, and would, if it occurred in a bank building, pre- 
sumably have wrecked the building and called the attention of a town 
to its cause. This method of attack is thus an impracticable one for 
this fonn of safe. 

Drilling and the introduction of explosives into the safe are proba- 
bly the methods of most promise in attacking this construction. The 
Commission greatly regret that in regard to the comparative merits of 
this safe and the standard system, in resisting this latter form of at- 
tack, it can only be said, as when describing the Hough vault, it is 
only possible to assert, with confidence, that the system here under 
consideration may be placed on the list of practicable and promising 
devices forprotecting securities. Theexact relative safety and strength 
of this as compared with the standard system must be ultimately de- 
termined by experience, but it must be rated very high. Given a drill 
hole in either of the known forms of safe or vault, and entrance is 
probably usually possible; but even then it may demand more than the 
time available for the purpose of completing the work. The Commis- 
sion has seen a safe of good make, by a well-known firm, stand for hours 
unopened, with a large hole in its outer vestibule between the double 
doors, in spite of every effort of a skilled workman to complete the task 
of entering it; explosives being interdictei. 

The plan proposed by Mr. Corliss for making a bank-vault is as 
nearly as possible that adopted for his safes. Eequiring a much greater 
space within it, it becomes practically impossible to make it a single 
spherical mass inclosing a central chamber, as is the practice in mak- 
ing the safe ; as this would involve the handling of such immense 
masses of chilled iron as would prove too heavy and cumberson to be 
economically employed, even if possible with any ordinary facilities, 
and the making, especially, of such enormous ^^ chills" as to forbid this 
plan entirely. Mr. Corliss, therefore, proposes to build up his vault of 
a series of large rings of chilled iron several feet in diameter, perhaps 
10 to 12, or even larger, each closely fitted to its neighbor, and secured, 
the one to the other, by being threaded upon iuternal screwed rings 
similarly fitted closely together, every part being drawn tightly against 
every other by this system of screw-threads. The edges of abutting 
rings are to be very nicely timed and scraped or ground, and the joints 
thus made as perfect as those in the safe. The ends of the great cylin- 
ders thus made, which may be of any desired dimensions, are of cluUed 
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iron, and the doors are placed in tbese ends or "beads," and are of 
similar construction to those already described as made for the safe. 
The vault is thus built up as a great cylinder, a dozen feet in diameter, 
20 or 30 feet long, with a door at each end, preferably; and its whole 
exposed surface is made exceedingly difficult of attack, if not impreg- 
nable, by its 2 inches of "cliill." The rings of which it is made up are 
of such diameter and Aveight that they may be transported, without 
special difficulty, on our railways, and the system is one which permits 
easy reconstruction when arrived at their destination. The whole rests 
upon a masonry foundation, but in a cradle so made that its whole 
exterior is exposed and subject to inspection at all times — an important 
provision. The whole work is intended to be machine work, and all to 
be lathe work; which means the greatest possible accuracy and mini- 
mum cost. The lock-work and bolt- work, the details in all respects, are 
intended to be similar to those which have been found satisfactory in 
safe construction. 

While unable to base their judgment upon an inspection of such a 
vault actually constructed, the Commission see no reason to doubt that 
the whole plan is perfectly practicable, and that the result will be the 
production of a vault which will possess precisely the same qualities, 
on its larger scale, that have been observed in the safe now made. It 
will have an advantage in few and perfect joints; while it will not be 
as commodious or as easily adapted to extensive and convenient sys- 
tems of interior boxes as the Pittsburg vault. Undoubtedly each will 
find its own special place and purpose. 

While examining the specially interesting forms of safe, and details 
of safe construction, exhibited by Mr. Corliss, the attention of the Com- 
mission was called to his method of construction of doors for vaults of 
the usual standard construction. This door may be built up of alter- 
nate steel and iron plates, or sheets of hard and soft steel, as in the 
familiar constructions, where intended for burglar-proof construction, 
but where, as ordinarily employed, it is mainly for aiding in making 
the vault fire proof, its special and most ingenious feature is a system 
of air-tight packing effected by the sliding of the bolts. These bolts 
are a set of bars laid parallel to the edges of the door, their sections 
being such that when thrown out, they form a frame all around the 
door, fitting one-half into the door itself, the other half of each bar 
sliding into a well-fitted groove in the fi^ame around the door-jamb, and 
thus giving a seal against currents of air that might otherwise, in case 
of fire, sweep the flame into the cracks usually observed around such 
doors, and produce a warping and distortion of the door that would 
ultimately permit the entrance of sufficient heat to destroy the contents 
if not the vault itself, thus rendering it useless as a protection against 
fire, however good its general construction. The bars forming this 
framing seal are thrown out by a set of wedge-shaped pieces at the 
corners which also serve to seal those otherwise unprotected points. 
The whole arrangement is an admirable one, used as a system of bolt- 
ing, if for no othor purpose, and the Commission think it one which 
could be incorporated into the construction of all vaults and with de- 
cided gain, as compared with the common constructions. 

The recommendations of the Commission, after making this briefly 
described but somewhat extended investigation, are substantially in 
accord with those already made by the officers of the Treasury Depart- 
ment, so far aS the general subject is concerned. There seems no ques- 
tion that the vault capacity of the Treasury itself, and probably at some 
of the subtreasuries and mints, is insufficient for present needs and 
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likely to become still more inadequate as time goes on and the country 
grows richer and concentrates more and more of its wealth in the liaiids 
of the Government. Immediate extension is desirable and economy 
dictates that this extension be so effectively made that further expendi- 
ture in this direction may not be required lor some years, if for a gen- 
eration. Having in view, however, the fact that inventions and im- 
provements are constantly and rapidly going on, it may seem advisable 
that the shorter rather than the longer x)eriod taken as a limit be here 
adopted. It may perhaps be assumed that reconstruction is likely to be 
made economically advisable as often as once in ten or fifteen years at 
most. With such enormous wealth concentrated in one building as is 
seen, at this moment, in the XJ. S. Treasury, any exiiense and every pro- 
vision of modern skill and ingenuity may be considered as justifiable 
and desirable in its protection. We would therefore advise the imme- 
diate construction of new vaults to such extent as will give ample 
space, not only for the required deposits of today, but for at least nil 
requirements for ten years to come; the adoption throughout of tbe 
best modern construction of vaults, walls, and doors, the most perfect 
systems of locking and bolting and, in short, such plans and such con- 
struction as shall make the latest vaults constructed for the Govern- 
ment the finest and most reliable that contemporary skill and invention 
can produce. The most perfect constructions and the finest workman- 
ship, the most impregnable walls and the most excellent locks that tlie 
inventors and manufacturers of the United States can produce — ^nii- 
questionably the best and most admirable in the world — should be found 
in the Treasury of the United States and its accessory departments. 
Differences of cost between the best and the less desirable, in this 
instance, at least, are of little moment. If the adage that the best is 
the cheapest is in any case tme, it is certainly true here. 

The contracts, in this case, are so desirable in themselves, however, 
and the opportunity to place representative work in so important a 
position of such great value, that it should be possible, by a properly 
arranged system of advertisement and specification, with suitable pro- 
visions for inspection, and acceptance or rejection, to secure the most 
perfect of known constructions at reasonable cost. 

In the opinion of this Commission it will be wise to replace every 
vault in the Treasury Department, as early as jiracticable, with more 
modern and safer constructions. It may not be advisable to go to the 
expense, and to accept the risk of making all these changes at once, 
but it is advised that, each year, some work be done, beginning with 
the first and most extensive alterations already proposed by the officers 
of the Department, and continuing the work until it is completely 
finished and every dollar in the Treasury made as safe as science and 
art can make it. Vault No. 1 has absolutely no value as a protective 
construction. It is only its location and its guard that make its con- 
tents tolerably secure. It should either be completely lined at the 
earliest opportunity or a new vault constructed elsewhere to receive its 
contents and this structure removed to make place for something of real 
value. Meantime, it should be not only systematically guarded, but 
every i)ossible approach, visible or concealed, should be kept under 
most thorough and unintermitted supervision, with frequent and com- 
plete inspection. Vault No. 2 should be retained for use in the pres- 
ervation of the most important deposits while others of greater secur- 
ity are under constructio ». Vaults Nos. 3, 4, and 5 should be removed 
to make place for new vaults perhaps one being taken at a time, until 
all are replaced. These constructions are at this time most discredit- 
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able to the Government and Treasury Department. Their safety comes 
not of their own strength, but of the efficiency and strength of the 
guard placed in charge of the Treasury; and their value as a means of 
protection is simjily that of a resistance which may retard the entrance 
of an attacking party sufficiently to permit the reinforcement of the 
guard, if required, by a larger force. 

Very much the same remarks apply to Nos. 6, 7, and 8, all of which 
fall far short of what should be expected where millions of dollars, 
Tvorth of securities are to be cared for. No. 7 is that used by the division 
of national banks, and is reported by the chief of that division to be 
already too small for the purposes of the Department, and is stated to 
be likely to be more than crowded in a very short time. This is a vanlt 
which should be especially commodious for the purpose of securing con- 
venience of storage and of access, and should be well fitted up with 
lock drawers and cases of sufficient number and magnitude to answer 
the purpose of this division for a dozen years to come. This is an 
imperative matter, as the trust funds and bonds here held are not the 
absolute property of the United States, and their proper separate stor- 
age is essential to prevent confusion and troublesome, if not seriously 
costly, mistakes. 

The four safes in use in the National Bank Eedemption Bureau are 
a generation old, and vastly inferior to those to-day considered desirable 
by the smallest country banks, or even the most modest of country 
merchants. They should be immediately displaced by either the best 
of modern constructions or by a vault of greater capacity and vastly 
better make. The remarks here made relative to the protection 
afforded by the safes and vaults of the Treasury Department are known 
to apply, in some degree at least, to the subtreasuries, and it may be 
found that they may also apply to some or all of the United States 
mints. It is advised by the Commission that reports be obtained from 
each in complete detail, and their condition very carefully ascertained, 
with a view to making them satisfactorily safe depositories of Govern- 
ment funds and securities. 

The precise construction to be adopted should be decided upon by 
the officers of the Treasury Department after careful consideration of 
the facts which have been given in this report and in consultation with 
experts familiar with them. It is presumed that the Department will 
not feel safe in departing far from the now well-recognized and standard 
constructions, and that, in the determination of the precise construc- 
tions to be called for it will be thought best to follow closely the 
advice of its experts. This Commission would advise, however, that all 
vaults intended to hold any securities or cash that might be readily 
negotiated or put into circulation be made at least as heavy and strong 
as the best of these constructions now adopted by the largest and most 
responsible of the great safe deposit companies and the largest banks 
of the great cities. Heavy 1 inch at least, 2 if practicable, alternate 
iron and chrome steel-rolled plate, and the best soft steel worked in 
with them, should be built into the side walls, not less than 4^ inches 
in thickness, and the doors should be not less than 6 inches. If frank- 
linite is admitted, as may be perhaps desirable, an extra inch should 
be allowed to accommodate its excess of thickness in the single plate. 
The Commission consider its presence an advantage; but would not 
allow any important difierence in price, as it is comparatively a cheap 
material, and its use involves some loss of nicety of internal fitting, 
which would to some degree tell against it. 

In the specifications for the doors it is suggested that, cost§ being 
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nearly equal, the system of Mr. Corliss, as applied to his firoproofvaults, 
might be advantageous as an excellent method of bolting and as giving 
a comparatively air tight seal. The doors should, in our opinion, always 
be two in number, and should be fitted with double or tripple time locks, 
aud either a double combination lock or, preferably, a double automatic 
system. The locks of the Yale and Towne Company and those of 
Messrs. Sargent & Greenleaf are both obtainable in either arrange- 
ment, and, as submitted to the Commission, seem to represent the most 
perfect possible design and workmanship. No other forms have been 
presented for examination; but the Commission is informed that there 
is an ample variety of such devices in the market from which to select 
in case of difficulty on the score of prices. 

It is advised that the si>ecifications for such vaults as may be author- 
ized of these standard forms be prepared for the Depailment by ex- 
perts, in consultation with the Treasurer and the Architect of the Treas 
ury, and that, after public advertisement of the customary form and 
period, bids be received, an essential provision being that all material 
must be inspected, tested, and formally passed by the inspector appointed 
by the Department before being introduced into the construction, and 
that the workmanship must be similarly inspected and certified to be, in 
every respect, the best in quality and fully up to the standard of first- 
class work of the very best makers. Kejection should be provided for 
at any and every stage of the work, or after completion, should any 
defect be found. 

The soft steel employed should have a tenacity and ductility corre- 
sponding with the specifications of the U. S. Navy Department for boiler 
plate, and the hard chrome steel or other used in the laminated plates 
should have the hardening qualities of the best tool steel, while the 
plates made by welding these hard and soft sheets together should be 
sound and free from lamination throughout, and, when fitted in 
place, perfectly smooth, straight, and true. All bolting should be done 
from the inside, and in such manner that it will be impossible to break 
their hold from without. All corners should be guarded and a welded 
framing should be made to inclose the whole system of plating, carried 
along and around all corners and all edges. 

The fitting of all doors should be perfectly smooth, air-tight, and 
impenetrable by either an air blast or by fluid explosives. Bolts should 
have bearings of large area of surface contact, and should be impossible 
of springing either by the presence of a loose fitting or by crushing their 
bearings on the frames. They should tit their sockets pefectly and 
snugly, without jamming or bringing any friction resistance upon the 
unlocking mechanism. All locking and bolting arrangements should 
be duplicated, and all time-lock mechanisms should be so constructed 
that the failure of any clock movement should not incur danger of a 
lockout. The use of two independent doors in each vault, as above 
proposed, will give security, also, in this respect. 

The number and various character of the vaults to be required to 
put the Treasury Department in a satisfactory condin'on of security is 
such that it might otherwise be conj^idered inadvisable to introduce 
any but long-known and well-tested forms of vault, but, considering 
the nature and extent of the investigations which have been made of 
the material and the methods of construction adopted by the builders 
of chilled-iron safes and bank vaults, and in view of their own careful 
observations, this Commission is constrained to advise the introduc- 
tion of at least one of each of the two forms given of the later con- 
struction as abo\^ described. In a position like that of the specie 
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vaults, tlie weight of these structures, with their immensely thick 
walls, is no objection at all, and their construction in that locality is a 
matter of easy engineering. Should the Department propose further 
to continue the use of the safes as auxiliaries to the vaults in either 
of its bureaus it is suggested that a trial be made of this type, with 
a view to ascertain whether their use will be found as convenient and 
practically satisfactory as the more familiar kinds. The Commission 
do not think that there now remains so much of uncertainty as to their 
safety as to make this course one in regard to which any hesitation 
need be felt. They regard these constructions as practical and probably 
in some respects peculiarly safe. • 

The plan here proposed, of advertisement, building to a specification, 
and inspection and supervision by experts appointed to represent the 
Government, will undoubtedly, give good work in any case and at 
fair prices. 

The commission also advise the very thorough fitting up of all the 
offices of the bureau of the Treasury Department in which business is 
done with the public, or in public view, with every usual provision 
against sneak-thieving and assault during working hours. In this re- 
spect the Department is very deficient. It is a matter of insignificant 
expense and should be immediately and very completely done. The 
proposal to use electric protection should receive careful consideration. 

The specifications appended to this report are given simply in illus- 
tration of the forms and details of good examples ol recent construction, 
and as illustrating what are considered to be good specifications, as 
independently written by experts and as approved by the best builders 
of the time. For the purposes of the Treasury of the United States 
the Commission would suggest making the outside plates as large and 
as heavy as they can be obtained from the makers. There seems no 
reason why the soft plates, at least, should not be made as large as any 
of the enormous boiler plates in common use in our Navy and else- 
where, and there seems to be no reason why, by sending the material 
to the plate mills, the laminated plate should not be obtained 2 inches 
in thickness as well as 1 inch, now the maximum for such "compound" 
plates. 

We would propose that, before finally making up the specifiations, 
the maximum size and thickness of plates at the time obtainable be 
ascertained. Impregnability is now simply, as in building armored 
ships, a matter to be determined by the limits of allowable and wise 
expenditure. If the exterior be composed of iron or soft steel, the 
plates should not be less than 5 feet in width and should have a 
length sufficient to reach from top to bottom of the structure, and should 
then be well secured by rabbeting in the angles at edges and corners of 
the vault. Yery i)robably it may prove practicable to obtaiii sheets as 
large as can be taken to the site chosen for the vault through the doors 
or windows of the building. There will be no difficulty in obtaining 
from the makers of plate plain steel plates of any desired quality and 
of any desired thickness. The thicker the exterior plates the safer the 
whole, and this safety increases in rapid ratio with increasing thickness. 
The Commission would suggest the possibility that the circulation of 
this report, or of an abstract of it, among safe and vault makers and 
makers of plate may lead to the construction of an entirely new speci- 
fication with great advantage to the Government, and to the banks of 
the country as well, by thus bringing into the market better qualities, 
heavier plates, and the production in this manner of a better specific 
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cation and a stronger construction. Specifications may be made, sboiild 
the Department desire it, subject to the approval of the Commission. 

In relocating vaults we would sugg-est their arrangement in sucli 
manner as will permit their inspection on all sides at all times. 
Very respectliilly, 

Egbert H. Thurston, 
TiiEO. N. Ely. 
F. A. Pratt, 

Conunissioners. 
ITon. Ohas. Foster, 

Secretary of the Treasury ^ Washington^ D, 0. 
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RECORD OF PRELIMINARY EXPERIMENTS WITH HIGH EXPLOSIVES, BY 
PROF, CHARLES E, MUNROE AND LIEUT. SAMUEL RODMAN, JR., U, 8, 
ARMY, 

WITH APPENDIX RELATING TO AND ILLUSTRATING MECHANICAL BURGLARY. 

The following series of experiments with high explosives were made 
by Prof. Charles E. Munroe, and by his assistant, Lieut. Eodman, U. 8. 
Army to determine — 

First The value of the laminated system of safe and vault construc- 
tion as a security against the use of high explosives. 

Second, The value of the Corliss system of safe and vault construction 
as security against the use of high explosives. 

EXPERIMENT WITH BOLTED PLATES (LAMINATED SYSTEM). 

The followiug experiment was made and reported upon by Prof. Charles E. Munroe 
at the Torpedo Station, Newport, R. I., upon a test specimen described below and 
shown in the accompanying photograph No. 1 : 

The test specimen consisted of a block of wrought iron 6 by 3 by 14f inches, in one 
lateral face of which two laminated plates 6 by 4^ inches by one-half inch were let 
in flush with the surface, each being fastened by four one-half inch screws as shown 
in the figure. 




The crevice (a) between the plates A and B was 0.024 inch in width, and the 
crevices, &, 6' were each less than 0.01 inch in width. 

The explosive charge was inserted in the space (a) by crowding it in with a thin 
strip of tin, the edges were filled with putty, the 5-force blasting cap used was laid 
on tne face of the crevice (a) over and in contact with the charge, and a bag of sand 
was laid on this before firing. 

Experiment 1. — Fifty grains of explosive gelatin were packed in (a) and fired as 
described above. 

Result, — The crevices &, &' were closed up and the corner (c) of plate A was raised 
about 0.01 inch. 

Experiment 2. — Sixty-five grains of explosive gelatin were packed in (a) and fired 
as above. 

Result, — The corner (c) of plate A was raised about one thirty-second inch and 
the two screws on each of the plates A and 13 adjacent to the crevice (a) were loos- 
ened. 

Experiment 3. — Ninety-three grains of explosive gelatin were packed into the 
crevice (a), care being taken to force as much as possible through the crevice (a) 
under the corner (c) of plate A. The charge was tamped with sand instead of putty, 
but otherwise the conditions were as in experiments 1 and 2. 

33 
8. Ex. 20 3 
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Result, — Plate A was torn completely'- off, the foar screws being sheared off at the 
points where they entered the block C. The ends of the screws remaining in tlie 
block C were so loose that they conld -easily be extracted with the fingers. Tlie 
corner (c) of plate A was distorted. The screws in plate B were loosened. (See 
photograph No. 2.) ^ 

The last experiment required for the entire operation (from the beginning of the 
charging with the explosive to the tearing oft' of the plate) but fifteen minutes. 
With practice in the manipulation I believe that the three firings could have been 
eft'eoted in forty-five minutes or less. 

The firing took place in an underground passage. A person, who was unaware that 
the experiment was being made, stood on the ground above the passage and about 
20 feet from tiie test specimen when the final und heaviest charge was fired. This 
bystander heard the report but it appeared so dull to him that ho imagined it to 
come from a point more than a mile away. 

My opinion is that this test specimen represents a much more resistant structure 
than would be found in a safe constructed on the laminated system, owin^ to the 
block C being so massive, and to the plates A and B being recessed into it, thus 
making it difficult to shear the screws off. The joints, too, were closer than fre- 
quently obtains in the structures in use. 

I hence conclude from these experiments that the laminated structores in commoa 
use can be destroyed as easily, if not more easily, than this was. 

Charlbs E. Munkoe. 

April 19, 1891. 



EXPERIMENTS WITH CORLISS SPINDLE. 

The spindle was finished and complete, but it was mounted in a cylindrical block 
of wrought iron instead of a safe, for convenience in testing here, the method of 
mounting and fit being such as obtains when the spindle is in place in a safe. (See 
photograph No. 3.) 

The attack was made upon the square aperture in the end of the spindle, the aper- 
ture being five-eighth by five-eighth by three-fourth inch deep. 

In each case the spindle stood vertically for convenience in loading only. The firing 
was effected by means of detonators, containing 35 grains of dry mercury fulminate, 
which were buried in the center of the explosive charges, and the hole was tamped 
by corks which surrounded the upper end of the detonator case and rested upon the 
explosive charge and were firmly lashed in place by means of wire lashings. The 
charge and detonator in each case filled the cavity. 

Experiment 1. — One hundred grains of explosive gelatin used. 

Mesult. — Slight surface cracks developed from each corner of the rectangular open- 
ing of the spindle, nickel plating shaken ott' in s^ots, the faces of the aperture in 
the spindle were underscored and nut on end of spindle loosened. 

Experiment 2. — One hundred and five grains of explosive gelatin used. 

Result, — Cracks above noted lengthened and deepened and two smaller ones start- 
ing from one wall of aperture were developed; nut loosened. 

Experiment 3. — One hundred and ten grains of explosive gelatin used. 

Result, — Three of the cracks noted above as running from corners of aperture were 
extended to within one-eighth inch of cylindrical surface of spindle. A prismatic 
fracture developed at one of the angles of the aperture. Nut again loosened. (The 
nut was screwed up before each charge was put in.) 

Experiment 4. — One hundred and fifteen grains of explosive gelatine used. 

Result. — Three cracks above noted extended to cylindrical surface of spindle, all 
widened sufficiently to admit of a thin knife blade being inserted in them. Nut 
loosened. 

Experiment 5. — Three hundred and three grains of moist fulminate of mercury 
used. 

Result. — A piece of metal, having on the face towards the charge an area of one 
face of the aperture, was splayed off. The cracks at the remaining two comers 
were enlarged. The lower end of the spindle, which projected three-fourths of an 
inch below the nut, and which at this point was seven-eighths of an inch in diameter, 
was broken off clean, and the underscoring became quite marked, while the remain- 
ing walls of the aperture were much bruised. The accumulated effect of these 
repeated firings simply tended to break oft' the head of the spindle nearly flush with 
the bottom of the aperture, and no marked indentation was produced into which 
further cliargcs could bo introduced, so that the stability of the spindle remained 
unimpaired. (See photographs Nos. 4 and 5.) 

From the results obtained in these experiments I am of the opinion that the Corliss 
safe can not be opened by attacking the aperture in the spindle in its present form, 
by means of high explosive charges. 

Charles E. Munroe. 

Newport, R, L.Jfaif ^5, ISOl. 
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Photograph No. 2. 
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Photograph No. 3. 
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Photograph No. 4. 
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Photograph No. 5. 
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Photograph No. 4. 
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Photograph No. 5. 
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DiEBOLD Safe. Having been Previously Opened by Cutting a 4-inch Hole 

THROUGH THE BODY. 
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Auburn, R. I., December, 1891, 

CXPERIMENTS WITH HiGU EXPLOSIVES AT THE WORKS OF THE CORLISS SaFE AND 

Vault Door Company. 

A square safe made by Diebold Safe and Lock Company, Ohio, was used in the 
first nine experiments. (See photograph.) 

The safe measures 3 feet \ inch high, 2 feet 6 inches wide, and 2 feet ^ inch deep, 
and is composed of six layers of f-inch plates. First plate is of welded steel and 
iron, solid angles. Second plate is of wrought iron. Third and fourth plates are of 
bteel, made up of horizontally laid strips of yaryinjs widths, the joints of one set 
being covered by the plates of the other. The iifth plate is of wrought iron. The 
sixth plate is made up of horizontally laid wrought-iron strips with solid angles. 
The plates are held together by large conical screw bolts, and oy smaller bolts, as is 
itsnal in laminated structures. 

The door measures 2 feet wide by 2 feet 6 inches high, and is about 4 inches thick, 
made up of plates as follows : First plate is of welded steel and iron, and is three- 
fourths inch thick. Second plate is of wrought iron, one-half inch thick, tongued 
and grooved on edges. Third plate is of welded steel and iron, one-half inch thick. 
Fourth plate is of wrought iron, one-half inch thick. Fifth plate is of welded steel 
and iron, one-half inch thick. Sixth plate is of wrought iron, one-half inch thick. 
Seventh plate is of welded steel and iron, one-half inch thick, tongued and grooved 
on edges. The bolt work is supported by a heavy steel frame nistened to in6ide 
plate of door bv large screw bolts. 

Inside the safe is a burglar chest consisting of a top and front set in the bottom 
of the safe. Its side, bottom, and back are the sides, bottom, and back of the safe. 

first EXPERIMENT. 

Sixty grains of explosive gelatine were packed in the crack between the door and 
the jamb, as shown in the figure, from a to & and from 6 to c, a toh being about 1^ 
inches and 6 to c the same. A thin wedge driven in at a had opened the crack a h 
about one-sixteenth of an inch ; crack h c was of the same width. 



a.] 



A fulminate of mercury detonator was used as the exploder. The detonator was 
inserted in a hole made through a cork. This cork was arranged as follows : In 
slits cut in outside of cork were placed two strips of tin in such a manner that when 
these were inserted in the crack between the door and jamb they would hold the 
cork and detonator in it against the gelatine. (See Fig.) 




In this case the cork was so placed as to bring the detonator against the crack at 
the point h. No tamping was used, and when the detonator was fired the gelatine 
was not exploded, but simply blown out, pieces being subsequently picked up from 
the floor. It is evident that the gelatine had been too loosely packed* 
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SECOND EXPERIMENT. 



A small wed^e was now driven in at c (see Fig.)) opening the crack above the door 
about one-tenth of an inch, and at a distance from b of about 3 inches. 



a] 



In the crack from 6 to c were packed 100 grains of explosive gelatine. Deto- 
nator held in cork plug was placed about midway between h and c. Putty was used 
as a tamp and an iron plate was laid up against the cork plug. 

The gelatine detonated; and the crack A was made in first plate of door Jamb, as 
shown in the figure, 
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OD 
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and plate lifted one-fourth inch on both sides of cra^k and separated from second 
plate for a distance of 6 or 7 inches along the top of and down the side of the 
jamb. The wedge at c was blown out. Tnree conical bolts at B, C, and D were 
broken off to a depth of 2i inches, leaving three holes, tapering from 1 inch in diam- 
eter at outside to seven-eighths inch at the bottom. The door was not started, but 
the crack beween door and jamb was widened to one-eighth inch. 

This experiment shows that with a small initial charge of high explosive a good 
start for subsequent operations can be made, and the noise of explosion is so small 
that when performed in a bank or bank vault it would probably not attract the 
attention ofany one passing in the near vicinity. 

THIRD EXPERIMENT. 

One hundred and twenty grains of explosive gelatine were packed in crack 6, c, 
just as in second experiment, and cork plug holding detonator similarly placed. 
An iron plate was laid on top of the safe and projected over the front. Another 
plate was placed against the cork plug. Putty was used to tamp the gelatine. 

As the result of this explosion the crack A was extended to d and along top of 
first plate of door jamb to 6, a distance of about 5 inches. This part of the first 
plate of the door was bulged out about 3 inches and the side plate about the same. 
Crack E was made as shown in the figure and extended through the plate. 
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FOURTH EXPERIMENT. 



In this experiment the two bolt holes B and C were filled with Atlas powder, 
grade A, and tamped with sand ; a detonator was placed in each charge, and they 
were connected up in parallel. 
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The amount of Atlas powder used was 2i ounces. 

As the result of this explosion one-half of the first plate of door jamb above the 
door was thrown off a considerable distance. The plates behind it were bulged out 
considerably, showing that the gases of explosion had penetrated between them. 
Another conical bolt; F, was broken off, as in the second experiment. 

FIFTH EXPERIMENT. 

Before proceeding any further in the line of experiments just conducted the com- 
bination knob was removed and an attaok made upon the spindle of the door in the 
following manner : 

A wooden box about 4 inches square was divided into two equal compartments 
by a thin wooden partition. Into one-half were packed 24 ounces of Atlas powder, 
grade A; into the other a tamping of sand, and the whole was placed with the Atlas 
end against the door spindle. It was supported in this position by a heavy block of 
timber, and other blocks were placed against it on the sides and back. (See fig.) 
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As the result of this explosion the spindle was driven in about one-eighth 
inch. The combination lock was somewhat loosened, but not knocked off. The 
door of the safe was bulged in about one-eighth inch at the spindle. Several 
bolts on the door were loosened, but no cracks were visible. The nature of the ex- 
plosive used prevented its being reduced in bulk so as just to cover the end of the 
spindle, and the tamping was not sufficient to direct a blow on the spindle necessary 
to drive it through and knock off the lock. 

SIXTH EXPERIMENT. 



One ounce of explosive gelatine was packed in one-half the length of the crack 
between top of door and jamb fi'om the left-hand side. This charge was pressed 
well back and down behind the step of first door plate and tamped with putty. 
Detonator held in cork plug was placed about the middle point of the charge. 

As the result of this explosion the first two plates of the door were blown off 
bodily to a distance of 3 or 4 feet, being torn from the hinges. The jamb above 
and on leffc of door was badly racked and the plate so loosened that they could 
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have easily been removed by a jimmy. Door plates were also loosened and could 
have been similarly removed, but it was decided not to resort to any mecbau- 
ical means. 

SEVENTH EXPERIMENT. 

Two ounces of explosive gelatine were packed in crack between top of door and 
jamb from left-hand corner for a distance of about 4 inches and pushed well 
back and down behind the third step of door. The charge was tamped with putty 
and detonator in cork plug placed about the middle point of charge. 

As the result of this explosion the third plate of door was one-half stripped off, as 
shown in the figure. That portion of the door marked A was raised, while 4he por- 
tion marked B remtiined firm. The comer a was lifted about 6 inches, and several 
bolts in the door plate were thrown out. 




EIGHTH EXPERIMENT. 

Ei^ht ounces of Atlas powder, grade A, were packed behind the third plate already 
partially stripped oif, sand was used as a tamp, and a detonator placed in the Atlas 
powder. 

As the result of this explosion the third plate was entirely stripped off, the out- 
side plate of door jamb on left of door was torn off, and the outside plate of jamb 
above the door was entirely removed. The inside plate of the jamb on the left side 
of door was blown in and all the plates of the door jamb above and on left of door 
were so loosened by the gases of explosion which had penetrated between them that 
the interior of the safe was disclosed to view. 

NINTH EXPERIMENT. 

One and one-half ounces of explosive gelatine were packed in crack between 
fourth plate of door and jamb around the lower left-hand corner of the door. It 
occupied the distance of 1 inch up from lower comer on left side and a distance of 2 






inches along crack below door from lower left-hand corner. This charge was pressed 
firmly in and up behind the fourth plate as far as possible; it was well tamped with 
putty aud a detonator placed at angle (6). (See fig.) 

Alter the explosion it was found that the outside plate of the jamb below the 
door was cracked at the comers at A and B. The fourth plate of door was bulged 
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ont abont one-fonrth inch at the corner a. The gases of explosion had pene- 
trated between the jamb plates on the lower side of and below door, and had so 
loosened and separated them from each other that it was only necessary to remove 
the left and upper jamb plates with wedges and then pry the door over to the left. 
Hie bolts then oecame disengaged and the door fell ont on the floor, revealing the 
Tv^bote interior of the safe. No &rther operations were necessary. The time of these 
experiments was not taken, but the entire work could be done with eise in two 
hours, and in a perfectly burglarious manner. 

TENTH EXPERIMENT. 

This experiment was conducted upon a section made to represent the front of a 
square safe with door, constructed as follows : It was made up of ei^ht one-half inch 
WTOught-iron plates, each plate being bolted to tlie one in front of it from behind with 
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sixteen one-half inch screw bolts 1 inch long. This frame measured 2 feet 3 inches 
by 3 feet on the outside, and 1 foot 3 inches by 1 foot 9 inches on the inside, the latter 
being also the measurements of the outside plate of the door. The door was con- 
structed of eight one-half inch wrought-iron plates. It was stepped off on the two 
narrow edges and was plane on the other two. The door swung on cast iron hinges. 
The whole section was securely fastened to a strong wooden frame. There were no 
bolts nor locks to the door, but across the back parallel to the shortest sides two 
heavy iron straps were secured. The whole section was very much stronger and 
better assembled than the ordinary square safe door of the same size and thickness. 
(See fig.) 
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In this experiment nitroglycerin was used as the explosive and the operation con- 
ducted as follows : The frame holding the door was canted over so that the section 
stood as shown below. 

All around the outside of the door frame, from a to 5 to c to d, the cracks between 
the jamb plates were puttied. The cracks e, /, g, h around the door wire also 
puttied front and back. At the point e a well of putty was made and some water 
poured into it. lliis ran in almost as rapidly as the well could be filled, showing 
that there was plenty of room in the cracks and crevices for a liquid explosive. 
At the end of about a minute a leak was observed on the under side of the door 
frame at h. The water was allowed to nin out, the leak carefully stopped, and 
nitroglycerin poured into tne well at e. It ran into the crack very quickly. In 
order to thoroughly appreciate how penetrating this liquid explosive is it must be 
borne in mind that although the plates of door and jamb were fitted together as 
closely as the screw bolts could hold them, and there could not have been one one- 
hundredth inch space between them, yet about two minutes after beginning to 
pour the nitroglycerin a leak was discovered between the two plates of the door 
frame at the point h. This was quickly stopped, and when two ounces of nitro- 
glycerin had been poured in a detonator was placed against the crack between 
the door and door frame at the point e and firmly held in position by putty. 
Previous to placing the detonator a very thin strip of blotting paper soaked in nitro- 
glycerin was placed in the crack at e to serve as an extra primer to assist in trans- 




mitting the detonation. Several 12 by 12 inch wooden beams were laid up against 
the section of the door and frame and the charge fired. The section was standing 
near the door of a small wooden building, and just inside, but no damage whatever 
resulted to it from the explosion. The effect of the explosion on the door and frame 
was as follows : One-half the wooden upright next the floor was broken off. The 
entire section was separated bodily from the wooden frame and thrown back 4 feet 
into the building. All the plates of the door frame below that part of the door 
where the nitroglycerin had been introduced were separated from each other by 
spaces varying from one-fourth inch to 1 inch, except the two front plates, which 
were thrown off bodily, showing very clearly tliat the nitroglycerin had penetrated 
between the second and third plates of the door frame. The first plate of the door 
frame on right of door was lifted out one-half its length at an angle of 45 degrees. 
The second plate was lifted out about one-half its length, the lower edge standing 
out 4 inches from the third plate. The lower third of the first plate of door was 
blown off. All the remaining plates of the door were separated from each other along 
their lower edges by spaces varying from one-fourth to three-fourths inch, the sep- 
aration extending up about one-quarter the length of the plates. The inside plate 
of the door was dished in so as to bend the lower iron strap bolted to the back of 
door about one-half inch at center. 

It appears from these results that the nitroglycerin was lodged principally 
between the plates of door frame below door, that the gases of explosion penetrated 
between the plates of door frame below and on right side of door, and between the 
plates of the door in the vicinity of the charge; that this operation of introducing 
nitroglycerin into the crack between door and door frame is a perfectly practical 
one, even where the fit is very close, and that a comparatively small quantity of 
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nitroglycerin introduced in this manner vrill produce very quick and decisive 
results, against which no laminated structure can standi The time required for this 
entire operation was less than one hour, and would not have been as long but for 
the fact that the cracks between the plates of door frame had to be carefully puttied, 
an operation not necessary when attacking a complete safe. 

Another point must be considered in this experiment, viz, that the demolition in 
the case of a complete safe would have been more marked than in this instance of 
only a section, viz, door and frame, because in a complete safe there would be moi*e 
rigid backing to the door and door frame to direct the energy of the explosive against 
them. In this experiment there was no backing whatever to the section; hence a 
certain amount of energy was expended in sending the door and door frame back a 
diBtance of 4 feet. The entire section weighed about 1,091 pounds. 

The following experiments, 11 to 19 inclusive, were made with a view of deter- 
mining the practicability of entering the safe by removing each plate of the door 
successively. For this demonstration a section of one-half inch wrought iron plates, 
biiilt to represent a safe door, was used. Its dimensions were the same as of that 
used in the tenth experiment, and it was constructed in precisely the same manner, 
but there was no frame around it. The section was laid horizontally on 12 by 12 
wooden beams. A hole 1.1 inches in diameter was cut through the first plate, and 
threaded to receive a plug of the following description : (See Fig.) 



It was made of iron, cylindrical, 2 inches high and 1.2 inches in diameter on plane 
part, and 1.1 inches on threaded part. A cylindrical hole four-tenths inch in 
diameter was cut through the axis of the plug to within one-quarter inch of the top, 
and beyond this two small holes one-tenth inch in diameter were cut through to the 
top of the plug. The bottom of the plug was dished out about one-eighth inch. 
It was made to hold a detonator against a charge of explosive placed in the hole 
through plate of door and pushed as far under plate as possible. Upon an examina- 
tion it was found that the screw bolts held the first and second plates of the door so 
close together that it was not possible to push any solid explosive under the first 
plate, hence the foUowiug method was pursued: 

ELEVENTH EXPERIMENT. 

The plug was placed in the hole made to receive it and firmly screwed down 
against the second plate, the detonator having been placed within it, then it was 
turned back so as to raise it about one-sixteenth inch from the second plate, and 
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through the two small holes at the top of plug, out of which came the detonator 
wires, one-tenth ounce of nitroglycerine was poured. A half-inch iron plate was 
placed over the plug and over this about two bushels of sand in bags. The plug 
was screwed in at the point a. 
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As the result of this explosion about one-half of the first plate was lifted on the 
side in which the plug was screwed, the left edge of the first plate being raised 
1 inch from the second plate. Eight bolts were stripped off, the first plate was 
then removed by wedges. The introglycerin used had undoubtedly run in under 
first plate. The cylindrical iron plug was blown out bodily and it made a hole 
through the half-inch iron plate that rested on it. 

TWELFTH EXPERIMENT. 

In the center of the door was a 1-inch hole extending through three plates of tlie 
door. Into this hole were poured one- fourth of an ounce of nitroglycerin, a deto- 
nator was placed in the charge, the hole covered with putty and two sand bags placed 
over all. 




As the result of this explosion the second and third plates were separated one- 
fourth of an inch, and the third plate separated one-fourth of an inch from the 
fourth around the hole in the center of door. The nitroglycerin evidently had 
not run between the plates to any considerable extent, but the gases of explosion 
had penetrated so as to separate the plates. 



THIRTEENTH EXPERIMENT. 



Thirty grains of forcite powder, No. 1, were packed between second and third 
plates of door, through the plug hole at a, a detonator was placed in the plug-hole 




a, and all covered compactly with putty. Around the edges where the second plate 
was separated from the third, the cracks were also tilled with putty. The result of 
the explosion was to lift the second plate a little more around the plug-hole a, but 
owing to the small quantity of explosive used and the relatively large space already 
existing between the second and third plates, most of the gases of explosion blew 
out between them. 

FOURTEENTH EXPERIMENT. 

It was noticed that when the conical-headed screw bolts were sheared off the heads 
were left loose, and a considerable space was found between them and the plate 
into which they were counter-sunk nrom beneath, thus giving an excellent opportn- 
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nity for the introduction of a liquid explosive. A small well of putty was built 
around two bolt holes, a and &, and one-tenth ounce of nitroglycerin was poured 
in at each hole. A small strip of nitroglycerin-soaked blotting paper was inserted 
at b. The detonator placed against it and held firmly with putty. Putty was also 
placed over a. 

Ah a result of this explosion, the half of the second plate marked c, 6, d, was lifted 
and bent over the line c, d, the corner e standing out from the third plate about 4 
inches. The second plate was then removed with wedges in a few minutes. 
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FIFTEKNTII EX PERIM KNT. 

Wella of putty were Imilt around the bolt-holes a, ?i, and c and one-twelfth onuce 
of nitroglycerine poured in at each plate. 

A strip of nitroglycerin-soaked blotting paper was inserted at 6, a detonator 
placed against it and firmly held by putty ; a and c were also covered with putty. 
An iron plate was placed over all, and two sand bags with 1 bushel of sand in each 
were placed on top of this. 




As a result of this explosion, the third plate, was lifted bodily from the fourth to 
no greater distance than 1 foot. 



SIXTEENTH EXPERIMENT. 

The remainder of the door was now set upon ed^e as shown in the figure, and 
backed by two heavy 12-inch timbers laid perpendicular to the plane of the door- 
plates. 

Two wells of putty were built at a and h and one-tenth ounce of nitroglycerin 
poured into each. A small strip of nitroglycerin-soaked blotting paper inserted at 
h, a detonator placed against it and firmly held by putty ; a was also covered with 
putty. 
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As the result of this explosion the fourth plate was separated from the fifth along 
the edge o d, about one-fourth inch, and the two upper horizontal lines of bolts were 
sheared off, but the two lower ones still held. 



SEVENTEENTH EXPERIMENT. 



In the space between the fourth and fifth plates were placed two sheets of blotting 
paper, eacn 4 by 8 inches. They occupied the middle portion of the space. On these 
were poured one-foui-th ounce of nitroglycerin. 
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In this space around the bolthead at c a small strip of nitroglycerin-soaked blotting 
paper was placed. A detonator was laid against it and firmly held by putty. No 
other tamping was used. 

As the result of this explosion the fourth plate was thrown off bodily about 30 
feet to the front. This experiment is particularly interesting as showing the effec- 
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tiveness of concentrating a charge of iiitroglycorin, by simply holding it in any fixed 
location through the raediimi of blotting paper or some other equally absorbeut 
material. 



EIGHTEENTH EXPERIMENT. 



Wells of pntty were built around the bolt holes a and b. One-quarter onnce 
of nitroglycerin* was poured around the boltheads. A small strip of nitroglycerin- 
soaked blotting paper was inserted at b; a detonator was placed against it and firmly 
held with putty ; a was also covered with pntty. 
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As the result of this explosion the fifth plate was blown off bodily about 30 feet 
to the front. 

NINETEENTH EXPERIMENT. 

The same operation was conducted on the next plate, the sixth, but the charge of 
nitroglycerin was reduced to one-eighth ounce — one-lialf the amount used in the 
preceding experiment. 

As the result of this explosion the aixth plate was bulged out aronnd the center 
about 1 inch and the bolts a, 6, c, d, 6, /, ^, h^ or eight of sixteen, were stripped off. 
A very pretty demonstration, that one-half the quantity of nitroglycerin necessary 
sary to entirely remove the plate had been used. 




In this series of experiments (11 to 19 inclusive) on the section representing a 
laminated door, the actual time of each was as follows : 

Mmntes. 

Eleventh 15 

Twelfth 6 

Thirteenth 5 

Fourteenth 12 

Fifteenth 5 

Sixteenth 5 

Seventeenth 6 

Eighteenth 6 

Nineteenth 6 

making a total of one hour and six minutes, and there remained only three half-inch 
plates to remove. It will be observed that for this size of door plate, 21 by 15 inches 
by one-half inch thick, one-quarter ounce of nitroglycerin introduced so as to ran 
behind the plate is about the required amount necessary to remove it bodily, pro- 
vided the plate in question is not separated too much from the one behind it. In 
such a case there is a vent for the gases of explosion. When a plate is thrown ofi 
bodily the force exerted on the bolts that are sheared appears to be enough to sepa- 
rate the next plate from underneath it just a sufficient distance to allow the intro- 
duction of a similar charge of nitroglycerin, which at the next firing removes the 
plate bodily, and so on through the entire operation. With a sufficiency of tamping 
the noise of explosion can be so deadened that I am of the opinion that the entire 
operation could be condacted in a bank vault without attracting any practical 
attention. 
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TWENTIETH EXPERIMENT. 

The safe nsed in this experiment was marde by M. Briggs & Co., Kochester, N. Y. 
and furnished with a screw door. 

It measured 2 feet 9 inches on the outside. The body of the safe was built up of 
alternate iron and steel plates approximately one-half inch thick, and the back 
measured H inches through. The door was composed of ten one-half inch plates 
arranged as follows: First and second, iron; third, steel; fourth, iron; fifth, steel; 
sixth, iron; seventh, steel; eighth, iron; niuth, steel; tentn, iron. The door had five 
steps; the diameter of the first and second plates was 15 inches, and of the ninth 
and tenth, 12 inches, there being two plates to each step. The plates were fastened 
together firom the inside with screw bolts, the steel plates being held on the shank of 
the bolts, which passed through them, and were screwed into the iron plates. An 
annular iron ring If inches thick and 2 inches wide was fastened to the mside plate 
from the inside with ten bolts, and had a screw thread cut on its exterior circum- 
ference. This screwed into another annular ring fastened to the inside plate of safe 
around the door opening. A circular iron frame hung on hinges acted as a carrier 
to the door and into this was screwed an annular iron ring through which, and into 
the door, eight one-half inch screw bolts passed. When these bolts were removed, 
the circular iron frame with annular ring could be swnng back and the screw door 
presented itself with its first plate flush with the outside of the safe, and showing 
six one-half inch bolt holes through the first plate of the door, arranged in a circle 
about 1 inch from outside circumierence. Two handles diametrically opposite were 
attached to the annular ring screwed into the iron frame hinged on front of safe, and 
were used to screw ujj and unscrew the door. Before commencing this experiment, 
the door was screwed in and locked, and the hinged iron frame with annular ring 
unbolted and swung back out of the way. (See photograph.) 

The object of this experiment was to determine the practicability of obtaining 
entrance into the safe through the door, by removing plate after plate, and to ascer- 
tain the time necessary to gain such entrance. The first operation was to introduce 
about one one-hundreth ounce of nitroglycerin into the two bolt holes a and h through 
the first plate, place a detonator in each hole, tamp with putty and fire. This de- 
tonation, although producing the smallest possible noise, caused the first plate to 
spring away from the second, so that a subsequent charge of nitroglycerin could be 
poured in between them. 




In each operation where explosive was used, one-quarter ounce of nitroglycerin 
was poured into wells of putty made around two bolt holes similarly situated to a 
and h in the figure. The explosive in each case ran in rapidly behind the plate, a 
detonator was placed against one of the holes, both were then tamped with putty 
and the charge fired. The operation commenced at 3:45 p. m., September 16, 1891. 
At 4 :05 p. m., the first plate of iron was blown off bodily a distance of 50 feet; 4: 15 
p. m., the second plate was blown off bodily about the same distance; 4:20 p. m., 
the third plate was blown off bodily, about the same distance, and the fourth plate 
right after it struck about 30 feet to the front. The fifth plate was found loosened 
and simply hanging on the bolts. It was taken off at 4 :21 p. m. At 4 :26 p. ra., the 
sixth plate was blown off a distance of 50 feet. At 4 :30 p. m., the seventh plate was 
blown oft' a distance of about 50 feet, and, with it, the eighth and ninth plates were 
thrown out about 30 and 20 feet, respectively. The tenth plate was knocked in with 
a jimmy in two and one-half minutes, so that the actual time of the operation was 
thirty-eight and one-half minutes. Before forcing in the tenth plate as described, 
two experiments were made in order to ascertain if this plate could be torn out by 
explosive force. First: the space around the tenth plate was puttied from a to 6 
in direction of the arrowhead. 
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A well of putty was made at b and one-fourth ounce of nitroglycerin was poux^d. 
in. A detonator was then placed at ft. 

The result of this explosion was nothing practical. The nitroglycerin did. not 
run between the plate and the annular ring which was bolted to it, and consequently 
the gases of explosion blew out around the plate. Second: A thin glass phial was 
tilled with 1 ounce of nitroglycerin, a detonator placed in it, and the charge parsed 
in through the spindle hole c in the center of plate and suspended close behind tbe 
plate below this hole. 




The result of the detonation of the nitroglycerin was that the plate was bulged 
out at the center about one-half inch, but was not blown off. This was owing to the 
fact that the charge of nitroglycerin was not large enough, as the gases of explosion 
had about 8 cubic feet of space inside the safe in which to expand, and there were 
many vents in the shape of bolt holes in the jdate varying from one-half inch to 
three-fourths inch through which the air jfnd gases could escape. The results 
obtained from this experiment lead to the conclusion that it is perfectly practical to 
open a screw- door safe tearing off plate after plate of the door; that tbe circular 
form of plate is a peculiarly good one for the success of tlie operation, and that the 
entrance desired can be effected in a very short space of time. In regard to the noise, 
it is certain that with a proper tamping of sand bags or other materials this could 
be deadened so as not to attract any practical attention, and the entire operation is, 
in my opinion, a perfectly burglarious one. 

TWENTY-FIRST EXPERIMENT. 

A section representing the back of a 32-inch Corliss safe is shown in the figore. 



This back was placed firmly in the sand, which was also packed well up in tbe 
interior in order topresent^as highly resisting a medium under it as possible. On 
top of this, as shown in the figure, were placed four disks of wet and one-half a disk 
of dry gun cotton, in which was placed the detonator. The detonation of this mass 
of gun cotton, weighing 4 pounds and 6 ounces, produced no result whatever except 
toshowupavery fine hair crack, not over one-eighth inch deep and 8 inches long. This 
experiment demonstrates very conclusively that the Corliss safe is proof against 
that mob violence which would be directed towards cracking the safe open by means 
of a large mass of explosive detonated on its outside. 
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Hall Safe. Havinq been Previously Operated upon by Cuttinq Several 4-inch 
Holes through the Body and by Drilling through Several of the Threaded 
Conical Bolts. 
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TWENTY-SECOND EXPERIMENT. 

This experiment was conducted on the door of a safe made by the Hall Safe and 
Lock Company. Ifc was laid npon its back on timbers. The door was closed and 
locked. The safe is shown in the photograph. It measures 2 feet 11 inches high, by 
2 feet 8 inches wide^ by 2 feet 1 inch deep. The sides, top, bottom, back and door 
are 3 inches thick and are built up of alternate iron and steel plates to the number 
of eight. The object of this experiment was to demonstrate tne effect of mob vio- 
lence in an attempt to break in the door of a square safe with explosives. On the 
door of this safe, about halfway between the center and lower edge, were placed 
4 discs of wet surmounted by one-half a disk of dry gun cotton containin«; the 
primer. The arrangement is shown in the figure, and the weight of the charge used 
was 4 pounds 6 ounces. There was no tamping. 

As a result of this explosion, a circular indentation three-fourths inch in diame- 
ter and one-fourth inch deep was made in the first plate of the door where the gun 
cotton stood, and was an imprint of the cake. These cakes are 3^ inches in diame- 
ter, and through their center passes a one-fourth inch hole for the detonator. In 
the center of the imprint made by the explosion was a hole 1 inch in diameter, 
extending through the first two plates and part of the third, which was literally 
fnsed out by the gases of explosion, rushing into the quarter-inch hole through the 
pile of gun-cotton cakes, while beyond the third plate, right through the safe door, 
the ballistic effect of the gases was shown by the bulging in and cracking of the 
five remaining plates, the inside one being indented about one-eight inch and 
cracked through. The figure below, giving a section through the axis of the charge 
of gxai cotton, will serve to show the effect produced by this explosion. 
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AFTLR EXPLOSION. 



Beyond the second plate the appearance was as if a comparatively sharp tool had 
been driven through the remaining plates. The explosion of another charge at the 
same point would nave undoubtedly driven a hole of considerable size right through 
the safe door. 

TWENTY-THIRD EXPERIMENT. 

In this experiment ten cartridges (5 pounds) of forcite powder No. 1 were piled 
up on back of Corliss safe on the same spot where the gun cotton had been placed. 
(This was the same back that was used in the gun cotton experiment No. 21.) 

The figure will show the general arrangement of the cartridges with the detonator 
placed in the middle of the top stick. No tamping was used and only a small quan- 
tity of sand was pressed around the bottom layer of cartridges to hold them firmly 
in position. 

The result of this explosion was that the crack developed in the gun cotton expe- 
riment, No. 21, was lengthened about 4 or 5 inches, but neither widened nor deep- 
ened. 

A small chip of iron about 1 inch in diameter and one-fourth inch thick was 
removed &om the surface of the back near the charge. 

TWENTY-FO URTH EXPERIMENT 

Ten cartridges (5 pounds) of forcite powder No. 1 were placed on the door of the 
same Hall safe as was used in experiment No. 22, the safe lying on its back as in that 
experiment. The forcite was piled exactly as in the twenty-third experiment, and 
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was placed at a poiut about halfway between i;he center and the apper edge of the 
door. The detonator was imbedded in the top cartridge of the pile. No tamping 
was used. 

The result of this explosion was to dish the door in around the point where the 
charge had been placed tlirce-eighths-inch at its deepest part. The door was not 
forced in by the explosion and no cracks were developed in the outside plate. 




TWEXTY-FIFTU EXPKRIMENT. 

This experiment was conducted on a wrought-iron door built up exactly as the 
one used in experiments eleven to nineteen inclusive, and it was of the same dimen- 
sions throughout. The object aimed at was to determine the minimum quantity of 
nitroglycerin necessary to tear ofl' bodily the individual plates of this door, and to 
ascertain the time necessary to go through the door. It was placed in a vertical 
position standing on its long edge, its back resting against heavy timbers, which 
themselves were supported by a solid earthen embankment. The preliminary oper- 
ation of starting the iirst plate slightly away from the second was begun at 10:25 a. 
m., October 2, 1891, and consisted in pouring about one-fiftieth ounce of nitroglycerin 
into a central 1-inch hole, which extend through three plates of the door, (see 
twelfth experiment), -placing a detonator in the hole, tamping with putty and tiring 

As the result of this explosion the first plate was started out about one-thirty- 
second inch. A well of putty was then placed around the same central hole, and 
a half ounce of nitroglycerin poured in between the first and second plates. A deto- 
nator was placed against the space between the first and second plates in this hole, 
tamped with putty, and at 10 :30 a. ra. the first plate was blown off bodily a distance 
of 40 or 50 feet. From this time on until the completion of the experiment the nitro- 
glycerin was poured in behind each successive plate through the space between 
the bolt heads and plates at a and h shown in the figure. 
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The detonator was placed at the righ^hand hole and at each instance a and h 
were tamped with putty before firiug. One-fourth ounce of niti^oglycerin was 
poured in behind second plate, and at 10: 37^ a. m. it was blown off 30* or 40 feet. 
Three-sixteenths ounce of nitroglycerin was then poured in behind third plate, 
and at 10 :31^ a. m. it was blown off 20 or 30 feet. One-eighth ounce of nitroglycerin 
was then poured in behind the fourth plate, and at 10:45 a. m. it was-one half lifted, 
the upper eight bolts being broken, the lower eight still holding, and the upper 
half of the plate was bent out at an angle of about 15°. The lower half of the space 
between fourth and fifth plates was now filled with sand and over this one-fourth 
ounce of nitroglycerin was ))oured so that it was located about the center of the 
plates. The detonator was embedded in this sand dynamite. A sand tamping was 
placed over all and well packed . 

As the result of this explosion the fourth plate was thrown off a distance of over 
60 feet at X0.48 a. m. One-third ounce of nitroglycerin was poured in behind 
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the fifth plate, and at 10.53 a. m. it was blown off about 40 feet. One-third onnce of 
nitroglycerin was poured in behind the sixth plate, and at 10.57 a. ni. it was 
blown oif about 40 feet. One-third ounce of nitroglycerin wan poured in behind the 
seventh plate, and at 11 a. ni. it Avas blown off about 40 feet. The eighth plate alone 
remained, considerably dished in about the center. The total time of this operation 
was thirty- tive minutes. To this must bo added the time necessary to force in the 
eighth plate by a jimmy or other contrivance— an operation which at this sta^e 
would certainly not require more than two minutes. The quantity of nitroglycerin 
necessary for each successful operation when blowing off plates of this size is from 
one-fourth to one-third ounce. The distance between the plates where the nitro- 
glycerin was poured in was about one-thirty-second inch, and in ^ome cases less, but 
not more. With proper tamping the noise of explosion can undoubtedly be reduced 
to such an extent as to render the operation practically burglarious. 

TWENTY-SIXTH EXPERIMENT 

A cartridge of forcite powder No. 1, weight 10 pounds, was ma<1e up as follows : 
Seven sticks of this powder were tied together in a cylindrical form and firmly held 
by a wrapping of wire. Seven more sticks were tied together in the same way. Six 
more sticks were then tied together iu a similar manner. The first bundle was 
stood on end, on this the second bundle was placed, also on end, and on the top of 
this the third bundle, also on end. Around this cylindrical mass a piece of t.ar 
paper was tightly wrapped and secured in place by wire. Another ten-pound car- 
tridge of forcite powder No. 1 was made up exactly lilie the first. One of these 
cartridges was placed on the same back of Corliss safe that was used in the twentj^- 
first and twenty-third experiments and upon the same spot. The other cartridge 
was placed on the door of the same Hall safe that was used in the tweuty-second 
and twenty-fourth experiments, and on the same spot where the forcite cartridge 
was placed in the twenty-fourth experiment. A detonator was placed iu the top of 
the center stick of forcite powder, in the upper bundle of each cartridge. These 
detonators weie connected in series and fired simultaneously. The result on the 
Corliss back was that the crack developed in the previous explosions was extended 
3 or 4 inches, but not appreciably widened nor deepened, as far as could be ascer- 
tained. 

The result on the door of the Hall safe was that the depression made by the explo- 
sive nsed in the twenty fourth experiment was increased li inches, making a total 
depression for the two charges of 1^ inches. No cracks were developed in the outer 
plate, nor in any of the underlying wrought-iron plates, but the intervening steel- 
plates were severely shattered and broken up. No tamping was used for either of 
these two cartridges. 

TWENTY-SEVENTH EXPERIMENT. 

The Hall safe used in experiments 22, 24, and 26 was raised to its proper position 
and then canted as shown in the figure. 




The lower portion of the crack above the door from a to o was carefully puttied, 
and a well of putty made at a. Into this were poured 8.2 ounces of nitroglyoerii^, 
which rapidly ran into the space between the door and jamb, A detonator was 
placed at the point a and well covered up with putty, ^ey^ral heavy beo*m0 
wore placed in front of the door to arrest flying pieceSr 
S, Ex. 20 4 
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The result of the explosion was decidedly disastrous to the safe, and its inside was 
exposed to view. The front, right side, and bottom were torn out from the lower 
corner and the door could easily have been pried open in a very few minutes. The 
steel plates, some of which had been shattered by the previous explosions on the 
door, and more thoroughly by this, fell down in a pile of small fragments under the 
lower corner. The accompanying photographs, will show the efi'ect produced by the 
explosion. This experiment did not occupy more than fifteen minutes, and is a prac- 
tical burglarious operation which can be conducted upon laminated safes. 

TWENTY-EIGHTH EXPERIMENT. 

This expel iment was conducted on the Valentine & Butler safe shown in the 
accompanying photograph, and was made with a view of determining the practi- 
cability of introducing nitroglycerin-soaked blotting paper in small ouantities 
between the door and jamb, and, exploding the safe, to ascertain whether tne comer 
of a plate could be so raised as to enable a wedge to be inserted under it and the 
plate pried off. Thus by a series of light explosions it would be possible to gain 
access to the safe's interior. First, a strip of ordinary blotting paper 5 inches long 
and three-fourths inch wide was soaked in nitroglycerin and slipped into the lower 
portion of the crack between the door and jamb, and on the left side of the door. 
It occupied the position a 6 in the figure. 
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This was covered with putty and a detonator placed at 6. 

As the result of this explosion the first plate of the door was lifted ont from the 
lower left-hand corner at h a distance of 5 inches, and separated from the second plate 
along the vertical edge a distance of 1 foot up from 5 and along the horizontal edge 
a distance of 9 inches from 6. Second, two strips of nitroglycerin-soaked blotting 
paper, each 5 inches long and three-fourths inch wide, were placed in the crack 
between the second plate of door and jamb, occupying the position a fr as in the 
preceding figure. It was covered with putty and a detonator placed at 5. 

As the result of this explosion the second plate of the door was lifted out at the 
lower left-hand comer and closed up against the first plate just operated upon. 
The explosions in each case were light, and the result justifies the conclusion that it 
is perfectly practical to successively lift out the comers of plates by a series of light 
explosions and to remove each plate with wedges until the interior of the safe is 
reached. 

TWENTY-NINTH EXPERIMENT. 

This was a continuation of the above experiment and at the same point of door and 
on the same safe. First, a strip of blotting paper was soaked in nitroglycerin and 
inserted in the crack a 5 between the third plate of the door and jamb. 
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This strip was 5 inches long and three-quarters inch wide. A second strip of nitro- 
glycerin-soaked blotting paper was inserted in the crack h c between the tnird plate 
of door and jamb. This strip measured 2 inches long and three-quarters inch wide. 
The crack ah c holding the blotting paper was covered with putty and a detonator 
placed at h. 

As the result of this explosion the third ])]atc of the door was lifted out at the 
lower left-hand corner close up against the second plate previously operated upon* 
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Hall Safe. View immediately after the Explosion. 
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Valentine & Butler Safe. Previously Operated upon by Cutting a 4-inch Hole 
through the body and by tearing open the corners with wedges. 
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Valentine & Butler Safe. Side View of Safe shown in Preceding Photograph. 
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Second, it was now found as the interior of the safe was approached that the cracks 
l>etwoeu the plates of the door and door Jamb became mncli wider, and therefore a 
new expedient was resorted to, viz: a quantity of cotton waste was soakc^in nitro- 
glycerin and pressed into the crack a h for the length of about 4 inches. It was 
then covered with putty, a detonator phiced at 5, and tired. 

As the result of this explosion the fourth plate of the door was lifted out 1 inch at 
the lower left-hand comer 6. The operation could easily have been continued, and, 
iu a perfectly burglarious manner, access could have been had to the interior of the 
t»afe lu afew hours. There is no reason why this remark should not apply to. any 
laiuinated construction extant. 

THIRTIETH EXPERIMENT. 

On the left side of the Valentine & Butler safe shown in the photograph, and at 
the point a (see accompanying figure), about 4 inches from the bofctom of the safe, a 
one-eighth-inch hole was drilled through the first plate. 

This portion of the first plate was m the form of a wrought-iron strip about o 
inches wide and three-fourths inch thick, extending around the safe, and having solid ' 
angle corners. A well of putty was placed around a, and into it was poured a tea- 
t$]>oonful of nitroglycerin. This ran in very slowly, owing to the fact that it was 
appreciably thickened by being brought into contact witli the very cold iron of the 
safe. It disappeared iu about three minutes. A small strip of nitroglycerin 
soaked blotting paper was now placed in the hole a and pushed back to the second 
plate. Against this a detonator was placed and firmly held in position with putty. 
When fired it did not detonate the nitroglycerin. Another well of putty was made 



• ^ T^ ' 

J|L/ \j| 



at a and two more teaspoonsfuls of nitroglycerin were poured into it. A strip of 
blotting paper was prepared as before and inserted at a, and a detonator placed and 
held in position by putty as in the previous case. When fired this did not detonate the 
nitroglycerin. Another one-eighth-inch hole was now very carefully bored through 
the first plate at b; into this were poured aboat ten drops of nitroglycerin. A 
small strip of blotting paper and detonator were placed as before. The nitroglyce- 
rin was detonated; the left wheel shown in the figure and the first two plates on 
the bottom of the safe were blown off; the strip behind which the nitroglycerin 
had been poured was torn out along the line c d, and the strip was lifted from the 
next plate about 3 inches at c d, and separated from it for a distance of about 6 
inches up from o d. It was intended to use only a teaspoouful of nitroglycerin in 
this experiment, in order to determine, whether so small an amoant would tear out 
the angle iron at the comer, and thus open the way for subsequent operations with 
wedges, etc. 

The greater effect produced on the bottom plates of this nafe shows that the nitro- 
glycerin had run down and back over these plates, and hence was not confined at 
the point where its effect was particularly desired. 



THIRTY-FIRST EXPERIMENT. 

This experiment, similar to the preceding, was made on the other strip (see 
figure at the beginning of thirtieth experiment), and a one-eighth-inch hole was bored 
through the first plate at e, a well of putty built around it, and 2 teaspoonfuls 
of nitroglycerin were poured in. A strip of nitroglycerin-soaked blotting paper 
and detonator were placed as in the preceding experiment. This detonator and 
two more subsequently used at e failed to explode the nitroglycerin. It was then 
noticed that some of the nitroglycerin was leaking out at the bottom of the safe 
near the right wheel in the figure, so the detonator was placed at this point 
and fired. The nitroglycerin exploded, the right wheel was shattered, and the 
strip behind which the nitroglycerin had been poured was bulged out about one- 
foarth inch near the solid angle fg, but not cracked. From the several^ilnres t 
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to detonate the charge through the one-eighth- inch hole it seemed probable, that 
such a small orifice may prevent the transmission of the detonation to the charge 
behind, and, especsally so, if a space between the plates is sufficiently large to allow 
the glycerin to run away. 

In these experiments account most bo taken of the fact that the plates of this safe 
were very cold, and it is highly probable that this also prevented the transmission 
of the detonation in the instances mentioned. To overcome this difficulty it is only 
necessary to warm the plates. Such a plan was resorted to in a succeeding experi- 
ment, No. 41. 

THIRTY-SECOND EXPERIMENT. 

The same safe, Valentine & Butler's, was canted over as shown in the figure, and 
the lower hin^e removed from the door. Putty was placed over the space between 
the door and the j amb , from a to & to c. A well of putty was made at and 2 ounces of 




nitroglycerin poured into the crack of the door at this point. It ran in very rapidly, 
and a detonator was placed at a and held firmly in position with putty. Heavy 
beams were placed in front of the door to arrest flying pieces. The nitroglycerin 
was detonated, and the eficct produced was to rip out the door, right side, and bot- 
tom around the corner h to the depth of three plates. The nitroglycerin had run 
down between jamb-plates under the door^ and hence had not risen high enough 
above the point b to get in behind the plates succeeding the third. The wheel e was 
knocked to pieces, and the corner h of the safe was driven down IJ inches into a 
pine flooring. Had the jamb plates been tight the nitroglycerin would have been 
located in the space between the door and jamb, and would have risen high enough 
above b to penetrate behind the inner plates of the door, and a similar result would 
have obtained as did with the Hall safe in the twenty-seventh experiment. The 
operation of removing the remaining plates of the door after this explosion, by 
wedges, could easily be performed in a short time. 

THIRTY-THIRD EXPERIMENT. 

A cartridge of forcite powder No. 1 was made up as follows : A tin paint-can 3i 
inches in diameter, and 2| inches high, was placed bottom up on a flat board. The 
top of the can had previously been removed. Around this were tied twelve sticks 




of forcite powder No. 1. Seven sticks of this powder were now made up into a 
bundle and the end placed on the bottom of the can. The whole cartridge was 
then wrapped with wire as compactly as possible. It weighed 9i pounds. In the 
figures below are to be seen, first, base of cartridge showing can and twelve sticks 
ot forcite powder. Second, elevation, showing general arrangement of cartridge 
in firing position. 

The object of placing the can at the lower end of this cartridge was to provide an 
air space into which the gases of explosion would rush and produce a powerful bal- 
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listic effect ou whatever body the cartridge should be placed. It was then set, can 
down, on top of the back of the 32-inch Corliss safe that had been used in the 
twenty-first, twenty-third, and twenty-sixth experiments. No tamping was used. 
The detonator was placed in the top of the middle stick of the upper bundle. The 
result of the explosion was to lengthen by a few inches the crack developed by the 
previoas explosions, but it was not widened nor deei>ened as far as could be ascer- 
tained. 

THIRTY-FOURTH BXPERIMENT. 

Five pounds of forcite powder No. 1 were made up in the shape of a cylindrical 
bundle often sticks and placed on end on the back of tne 32-inch Corliss safe that was 
used in the twenty-first, twenty-third, twenty-sixth, and thirty-third experiments. 
No tamping was used and the detonator was placed in the top of the center stick. 

As the result of this explosion the crack previously developed was extended 3 or 4 
inches, deepened somewhat, but not appreciably widened. 

THIRTY-FIFTH EXPERIMENT. 

Ten pounds of forcite powder No. 1 were made up into two cylindrical bundles of 
ten sticks each. One was placed on end on the back of the 32-inch Corliss safe used 
in the twenty-first, twenty-third, twenty-sixth, thirty-third, and thirty- fourth exper- 
iments. The other was placed on end, firmly on top of this. 

As the result of this explosion the crack was extended from side to side, as shown 
in the accompanying figure, but the section was not broken apart and the whole 
crack was not widened more than one thirty-second inch. The increase in depth 
could not be ascertained, but the section still held together. 




THIRTY-SIXTH EXPERIMENT. 



This was a repetition of the preceding exiierimeut. As the result of this explosion 
the crack was perhaps widened perhaps a hairbreadth, but the section still held 
together. 



THIRTY-SEVENTH EXPERIMENT. 

Eight ounces of forcite powder No. 1, a single stick, were placed on end on top of 
back of Corliss safe used in preceding experiments. A detonator was placed iu top 
of the stick. As the result of this explosion no further effect whatever was produced 
on the section. 

THIRTY-EIGHTH EXPERIMENT. 

Ten pounds of forcite powder No. 1 were made up into a cylindrical bundle of 
twenty sticks, were placed on end on top of the same back of Corliss safe, as was 
used in the preceding experiments. The forcite powder was frozen hard, with the 
exception of about 2 ounces which had been thawed out and which was placed as a 
priming charge on top of the center stick of the pile. In this the detonator was 
imbedded. The whole mass detonated violently. 

As the result of this explosion a number of wedge-shaped pieces of iron were torn 
out along the crack previously developed, and in direction of the grain of the chill. 
These measured about 1 inch deep and from 2 to 3 inches long. They had been re- 
moved from that portion of the metal above the basket ; but the latter still held the 
section together. 

Reviewing these experiments, 21, 23, 26, 33, 34, 35, 36, 37, and 38, with high explo- 
sives on this back of the 32-inch Corliss safe, it will be observed that a total of 64 
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pounds 4 ounces ofguu cottou and forcito powder No. 1 have been fired upou it^ and 
yet it holds together. 

Gun cotton : Lbs- Oz. 

First 4 6 

Forcite powder No. 1, 75 per cent nitroglycerin : 

Second 5 

Third 10 

Fourth 9 8 

Fifth 5 

Sixth : 10 

Seventh lO 

Eighth O 8 

Ninth 10 

Total 64 4 

That the hack should still hold together after such repeated heavy charges needs 
no comment on the strength of this construction. 

r THIRTY-NINTH EXPERIMENT. 

The screw-door safe made by M. Briggs & Son, described in connection with the 
tw€»ntieti[ experiment, was laid on its face. A cartridge of forcite powder No. 1, 
made up prdcisely as the one used in the thirty-third experiment and weighing the 
saih^j was placed on top of the middle of the back. No tamping was used. Tlie 
detonator was placed in the top of the center stick of the upper bundle. 

The result of this explosion was to dish in the back of the safe three-fourths inch, 
and to develop a small crack about one thirty-second inch wide and li inches long 
through first plate. No hole nor craek was made in any of the succeeding plates. 
The thickness of this back made up of ten plates, alternate iron and steel, was 4f 
inches. 

FORTIETH EXPERIMENT. 

Another cartridge was now made up precisely as the last and weighed the same. 
This ?vas placed, can down, in a 5-gallon tin can, and putty was pressed around the 
junction of the small with the large can in order to prevent any leaks into the small 
one. The whole arrangement was then placed on the same spot on the back of the 
screw-door safe used in the preceding experiment, where the previous charge had 
been. The detonator was placed as before, and the large can tilled with water for 
a tamping. This tamping was about 3 inches thick, around and over the cartridge. 
The result of this explosion is shown in the accompanying photograph. The crack 
in the first plate was extended nearly across it, and was one-half inch wide at the 
middle point. The succeeding plates were torn and forced apart by the ^ases of 
explosion, which penetrated right through to the interior of the safe, which was 
then plainly visible. Considering the small area of the back, its ri^id support on 
all four sides, and its thickness, the result produced by this explosion is astonishing. 
Had the area been increased, had the thicKuess been less, a very much larger open- 
ing would have been made, and if such a charge should be fired upon the door or 
sides of vaults ordinarily in use at the present time, it is probable that an opening 
would be made through which a man might enter. To show the great effect pro- 
duced by this charge of 9^ pounds of forcite powder No. 1, a comparison can be 
made with the 'amount required to punch a hole through a wrought iron plate of 
the same thickness, viz, Sf inches. To punch a hole in a one-half inch wrought- 
iron plate requires 6 ounces of forcite powder No. 1. The charge increases with the 
square of the thickness; therefore to punch a hole in a 4| inch wronght-iron plate 
would require 33^^ pounds of dynamite, or forcite powder No. 1. The influence of 
the method of making up the cartridge of forcite powder, and of the water tamping, 
is here most signally shown; not less so is the weakness of laminated constructions 
proven. 

FORTY-FIRST EXPERIMENT. 

This experiment was to determine the -acticability and time required for going 
through the top of a safe into the interim The safe used was made by Thompson 
& Co., New Haven, Conn. It measured _9 inches deep, 20| inches high, and 34 
inches long. The back, do«r, and top were 3 inches thick; the sides. 3i inches. 
There were ten layers of plates used iu the construction of the top. The outsi«lt* 
plate was of wrought iron. The second and third were made up of narrow steel 
strips laid perpendicular to the length. These were about 2 inches wide, and the 
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joints of one layer were covered by the i)latcs of the otlicr. The fourth plate was of 
wrongbt iron, made up of two pieces placed end to end. The tifth and sixth were 
the sajue as the second and third. The seventh was the same as the fourth. The 
eighth and ninth were the same as the fifth and sixth, and the tenth was the s<ame 
as the seventh. The average thickness of each plate was three-tenths inch. 



d 



S^ 



The figure represents the top of the safe with what might be termed the strap 
finish, a and h being iron straps about 2 inches wide and one-quarter inch thick, 
going entirely around the safe ; e is a short strap of the same size as a and h bolted 
to the top of the safe ; c and d are angle plates bolted to the top and sides of the safe. 
On account of the extremely cold weather the safe was warmed by the application 
of the blowpipe in order that the nitroglycerin used should run freely when it 
came into contact with the metal. The first operation, performed in less than a 
minute, was to wedge off the strip e. Around the three small bolts which had held this 
strip, wells of putty were made, and into each were poured one-twelfth ounce of 
nitroglycerin, which rapidly ran down under the first plate. Two detonators con- 
nected in series were used, one at/, the other at g. An iron plate was laid on top of 
the safe, and over this 3 bushels of sand in sand bags. A light wooden frame, shown 
in the following figure, supported an inverted platform about 4 feet above the top of 
the safe. Its object was to arrest flying pieces. 




The whole arrangement stood on the floor, but was not fastened to it. The 
uprights and the cross pieces were made of 3 by 4 inch stock and the flooring of the 
inverted platform of 2-inch planks. 

As the result of this explosion the first plate was lifted off and the steel strips 
throughout were shattered into small fragments. The remaining iron plates were 
80 loosened that they and the steel strips were easily and quickly removed, wedges 
only being used, and an opening on the right portion of the top, 10 by 12 inches, right 
into the safe, was made in 25 minutes from the time that the strip e was pried off. 
The inverted platform was overturned, but not injured. The tamping was particu- 
larly eftective in directing the force of the explosion downward, thus causing the 
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inider plates to be so loosened from their fastenings that it was an easy matter to 
remove them. As for the steel strips, they were practically worthless as a protection 
against burglars.' A sledge hammer would have broken them like glass. 

The following set of experiments was made upon the center spindle of the Corliss 
Bate door. Its general shape and dimensions arc shown in the accompanying figure. 
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The upper part is made of chrome steel, and is welded to the lower part, made of 
Norway iron. It was set up in a block of chilled iron, which, of the same thickness 
and construction as the door itself, was bored out to receive it. The brouze geared 
nut as shown in the figure was screwed on as in the lock proper. 

FORTY-SECOND KXPEUIMENT. 

In a well of putty made around the top of the spindle one-fourth of an ounce of 
nitroglycerin was poured. A portion of this ran down through the small holes a 
and b and into the annular space c. The whole charge was water-tamped and a 
detonator placed in the nitroglycerin that remained on top of the spindle. 

As the result of this explosion the head of the spindle was knocked off, bat the 
remainder of it and the bronze geared nut remained firm. It was with difificnlty 
driven out from underneath with a sledge hammer after the bronze geared nut had 
been unscrewed. It was then seen that the gases of explosion had penetrated down 
around the spindle to this nut, but the fit of the spindle was so close that not enough 
could get by to produce any ballistic effect in removing it. 

FORTY-THIRD EXPERIMENT. 

The spindle was replaced, the bronze geared nut was screwed on, and the recess 
over the spindle which had been occupied by the spindle head was filled with, one- 
sixth of an ounce of nitroglycerin, tamped with water, and fired. 

As the result of this explosion the spindle was driven down about one-sixteenth of 
an inch, but was not broken, nor was the bronze geared nut removed. It was then 
found to be impossible to drive the spindle out from the inside with a sledge, so 
firmly was it wedged in its position. 

FORTY-FOURTH EXPERIMENT. 

A well of putty was built around the spindle hole. Into this and the recess which 
had been occupied by the spindle head one-third of an ounce of nitroglycerin was 
poured. This was tamped with water and fired. The explosion produced no effect 
whatever, either on the spindle, ^e bronze geared nut, or the block of iron. 

FORTY-FIFTH EXPERIMENT. 

In the recess which had been occupied by the spindle head was tightly packed 
one-third ounce of Noble's explosive gelatine and fired. The result of this explo- 
sion was to drive the spindle down about one thirty-second inch, but it was not 
broken, nor was the bronze geared nut driven off. 

FORTY-SIXTH EXPERIMENT. 

This was a repetition of the preceding experiment, and no effect whatever was 
produced upon the spindle. 

The conclusion reached from a review of these five experiments, forty-two to 
forty-six, inclusive, is that the Corliss spindle is proof against an attack with high 
explosives. 

FORTY-SEVENTH EXPERIMENT. 

The safe made by Thompson & Co., New Haven, which was used in experiment 
No. 41, was set up with the door in it>s natural position, i. e., vertical, and au attack 
made upon the spindle as follows : The door was closed and bolted ; it could not be 
locked because the spindle had rusted so that it could not be turned to throw off 
the combination. A well of putty was built up around the spindle, and three- 
fourths of an ounce of nitroglycerin was poured into it. This was allowed to stand 
five minutes, and some of it ran in around the spindle. A detonator was then placed 
in the pool of nitroglycerin in the well and fired. 

As the result of this explosion the first three plates of the door were blown off and 
swung back on their hinges. The concussion sprung the bolts back, and the re- 
mainder of the door dropped out to the front. The spindle was not broken, but was 
driven in so as to knock off a portion of the combination lock. The entire operation 
occupied about ten minutes. The portion of the door with bolts was now replaced 
and one-third of an ounce of nitroglycerin applied to the spindle as before and fired. 

As the result of this explosion three more plates of the door were blown off bodily. 
The spindle was broken off and driven in so as to shatter the combination lock. 
What remained of the spindle was now driven through with a small hammer and 
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pnnch, and a hole 1 inch in diameter was left through which to operate with an 
explosive and blow the door out, in case the spindle should not knock the combina- 
tion lock entirely off when driven in, as happened in this ihstance. If the combina- 
tion lock is knocked off, as will obtain in many cases, then the only obstruction to 
the bolts is removed, they can be turned back, and the door opened from the out- 
side. There was very little noise from the explosion. 

Reviewing this experiment, we conclude that the spindle of a square safe can be 
sncoessfnlly at Ricked in a practically burglarious manner. From the very construc- 
tion of laminated safes it is impossible that the fit should be close. This can and 
does obtain with the Corliss spindle. 

Samuel Rodman, Jr., 
First Lieutenant, Second U. S, Artillery, 



Mechanical Burglary. 

In view of the fact that the Treasury commission while here witnessed the opera- 
tion of cnttine a hole 4 inches in diameter by baud entirely through the 4-inch wall 
of a Herring Champion, burglar-proof, in four hours and twenty -two minutes, also 
the operation of stripping a safe, plate by plate, by the use of chisels and wedges, we 
have thought that it would not be inappropriate for us to furnish the commission 
with the following photographic illustrations, representing the result of a multi- 
tude of practical operations that have been performed by us upon different speci- 
mens of laminated safe construction. 

The ease and rapidity with which these operations can be performed is well cal- 
culated to surprise and astonish the ffateruity of bankers, whose whole education 
has been to believe that such operations are impossible. 

In looking over these photographs the fact should be borne in mind that in every 
instance the work done has been performed by hand and by the use of implements 
that it is perfectly fair to assume that burglars might possess and make use of. It 
should also be remembered that every hole shown represents a practical burglary. 
^ In most cases these demonstrations have been made in the presence of bank offi- 
cials, who have visited our works from time to time for the purpose of witnessing 
the operation. 

Photograph No. 7. 

The holes Fepresented in this "burglar-proof" are all 4 inches in diameter. 
Those passing through the steel chest are 6^ inches in depth. 
Time occupied in making the different holes, from two and one-half to four hoars. 
All done by haud^ and in a burglarious manner. 

Photograph No. 8. 

The upper jamb of the door of this safe was blown away by dynamite inserted 
into the joint of the door, Avhile the door was closed and locked. 

By a subsequent charge the inner chest was blown open and the outer door 
blown off. 

Photograph No. 9. 

Illustrating the mechanical attachment for cutting 4-inch holes, adapted to safes 
of different sizes. 

Photograph No. 10. 

The operation of cutting in progress. 

Photograph No. 11. 

We think it reasonable to assume that no explanation of this photograph is nec- 
essary. The practical value of the 4-inch hole is clearly shown. 

Photograpji No. 12 

illnstrnted a 9-ton safe from the Eutaw Savings Bank, Baltimore, Md. Tlio holes 
on the edge of the door were made by cutting off the outside plate by 4-inch cutters 
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ana afterwards drawing the temper and drilling through the conical bolts that hold 
the bolt frame. 

This operation was repeated four times, as indicated, each time requiring about 
one hour. Each hole practically opened the safe. 

The 4-inch holes shown were made in about three and one-half hours each. 

Photograph No. 13. 
Illustrating the same safe as shown in photograph No. 12. 

Photograph No. 14. 

Illustrations 14 to 19, inclusive, represent an uiHisually heavy safe, having double 
doors and 6-inch sides. Although this safe weighs six tons, and cost over $3,000^ its 
available capacity is only about two cubic feet. 

Our second experiment upon this safe was cutting a hole about four inches in 
diameter into the door until we reached the inner plate, which was of iron. 

Time occupied, three and one-half hours. 

We then put a rope about the safe, as shown in Fig. 15, and inserted a wire 
having a quarter-ounce cartridge of dynamite attached to it. The cartridge was 
fired by the man on top of the safe, as shown, by means of a pocket battery. 

The result of the explosion is shown by photograph No. 16. 

A close examination of Fig. No. 17 shows that the bolt frame was nearly displaced 
by the explosion, several of the bolts being broken. 

The door came out by reason of the fact that the force of the explosion tore out 
the jamb of the door, as shown in Fig. No. 17. 

PHOTOGRAPn8*18 AND 19 

Represent our first experiment on this safe, which was the cutting of a 4-inch hole 
through the back, as shown. 

On top of the safe, Fig. 18, may be seen the several discs of metal cut out in this 
operation, as well as those made in cutting the opening through the door. 

Photographs 20 AND 21. 

Photographs 20 and 21 represent a safe that was sent to us in its locked condition. 

A 4-inch hole in the side of the safe was made in two and one-half hours, the lock 
disconnected, as shown, and the door opened. 

We were ignorant of the fact that there was a steel chest in the safe until we 
opened the door. We subsequently cut a hole in the steel chest, as shown in Fig. 22. 

Since these photographs were taken we have made a numoer of 4-inch holes in 
the door, sides, and back, in fact, we have used it to experiment upon whenever 
bankers wished to witness this operation. 

Photographs 23, 24, 25, and 26. 

These represent another specimen of laminated construction. 

As will be seen, a number of 4-inch holes have been cut through the sides, back, 
and door of this safe. 

A number of small holes have been drilled through the conical bolts as shown. 
One of these holes was put through in twenty-nine minutes and thirty seconds. 

Photographs 27 and 28. 

These represent another so-called " Burglar-proof," the walls of which have been 
penetrated by 4-inch holes. 

This illustration also shows th6 process of stripping the metal of the walls by 
chisels and wedges. The prominent corner shown in Fig. 28 illustrates what was 
done in one hours' time, the hole penetrating entirely through. 

Fig. 37 shows a similar treatment of the front corner and upper comer of the door 

Photograph 29. 

This photograph represents what was done by two hours and fifty minutes' work 
of two men with sledges and chisels and wedges. 

The multitude of rivets and other fastenings show that this safe was carefully 
constructed and very thoroughly put together. As will be seen, not only the side 
wall of the safe, but the inner steel chest was entirely removed. 

When operated upon this safe was of course closed and locked. 
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Photograph No. 7. 
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Photograph No. 8. 
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Photograph No. 9. 
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Photograph No. 10. 
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Photograph No. 11. 



Digitized by 



Google 



Digitized by VjOOQIC 



Photograph No. 12. 
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Photograph No. 13. 
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Photograph No. 14. 
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Photograph No. 16. 
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Photograph No. 17. 
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Photograph No. 18. 
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Photograph No. 19. 
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Photograph No. 20. 
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Photograph No. 21. 
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Photograph No. 23. 
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Photograph No. 25. 
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Photograph No. 27. 
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Photograph No. 28. 
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Photograph No. 29. 
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Photograph No. 30. 
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Photograph No. 31. 
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Photograph No. 32. 
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Photograph No. 33. 
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Photographs 30, 31, 32, and 33. 

These represent a vault door taken from the Mercantile National Bank, New York 
City. 

This door was locked and opened in the presence of four prominent gentlemen in 
two hours and eighteen minutes. 

The second hole was snhsequently made in the presence of two other prominent 
gentlemen in two hours and one minute. 



RECORD OF DEMONSTRATIONS MADE IN THE PRESENCE OF THE 
TREASUR Y COMMISSION ON SAFE AND VA ULT CONSTR UCTION A T THE 
WORKS OF THE CORLISS SAFE AND VAULT DOOR COMPANY, PROVI- 
DENCE, i?. /., DECEMBER 29 AND 30, 1891, 

These minutes are made at the recxuest of Chairmau Thurston, hy Lieut. 8amu<d 
Rodman, jr., U. S. A. 

The object of these experiments was to determine by actual test the relative prac- 
tical value of the laminated system of safe and vault construction and the Corliss 
system of construction. 

EXPERIMENT No. 1. 

At the time the commission was here, on their previous visit, one of its members 
suggested to Mr. Corliss that he would like to see a crucial test made of the Corliss 
sale, to determine whether or not it was possible to penetrate the safe by mechanical 
means by drilling a hole through Ihe exterior shell and by drills and punches break 
away the steel rods contained in the lining, or displace the lining itself. 

Anticipating the limited time at the disposal of the commission when they should 
arrive here, Mr. Corliss prepared a safe for this test by taking it apart and drilling 
a hole through the exterior shell previous to their arrival. This hole was seven- 
eighths of an inch in diameter and was drilled from the inside. The time required 
in drilling the hole was about a day and a quarter. The safe was then put together 
and mounted upon its base as for use. A substantial harness work was put about the 
safe so that the operation of drilling could be carried on with practically unlimited 
power for the feed. A staging was built about the safe so that the men could con- 
veniently work the drills and handle the sledges to best advantage. 

A number of very strong drills were made and a number of punches provided for 
making this test. Some of the punches were made with conical points and others 
with ends half rounded. They were tempered so as to afford the greatest possible 
strength against being battered and the greatest attainable rigidity to resist the 
blows of the sledge hammer. 

Upon attempting to drill it was found impossible to make any headway whatever. 
The drills were broken as rapidly aa put in, althougli every precaution was taken to 
apply the feed slowly to prevent any catching of the drill. After a number of at- 
temi)ts it was decided to keep the drill going, notwithstanding its edge was gone, 
simply to see what the effect would be. By this means we found that the drill was 
crowding to one side, and as we knew the result would soon be to strike another 
rod, which would effectually end the operation, we abandoned the attempt, con- 
cluding that it was impossible for the drill to penetrate or break the rods. 

We then proceeded to try the punches and see if any impression could be made 
upon the rods by their use. Repeated attempts and careful measurements con- 
vinced the commission that no headway was being made in this direction, for the 
position of the safe was such as to make entirely effective tlio overhand blows of 
the sledges, and the fact was settled that it was impossible to penetrate the safe by 
this process. 

EXPERIMENT No. 2. 

The extraordinary strength of the metal used in the Corliss safe and its remarkable 
resistance to blows, whether mechanically applied or applied by the use of high 
explosives, having been previously shown, by repeated tests, the following interest- 
ing experiment was made in the presence of the conmaission : 

A back of a 36-inch Corliss safe was firmley embedded in the sand, the same being 
well packed up in the interior, in order to present as solid a backing as possible. 
On top of this was placed a 12^-pound cartridge of forcite powder No. 1, made up 
as shown in the accompanying figures. 

First: View of the bottom of the cartridge, showing the can and the base of the 
cartridges. 

Second: Elevation, showing general arrangement of the cartridge in firing position. 
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The detonator was placed iu the top of the middle stick of the upper huiidle. 
There was no tampiu^. 




Result. — The only evidence left upon the surface to indicate that such a blow had 
been dealt, was a thorough cleaning off of the rust or sand upon the surface of the 
shell where the cartridge was placed and the development of a very fine hair crack 
about 6 inches long and of inappreciable depth. 

EXPERIMENT No. 3. 

Demonstrating the practicahility of cutting a 4-inch hole through a square or laminated safe, 

A Herring champion safe is represented in the accompanying photograph No. 1. 
It was built for the Mercantile National Bank, New York City, and was delivered at 
the works of the Corliss Safe and Vault Door Company, locked and sealed, in August, 
1891. 

From September, 1885, until it was removed to the works of the Corliss Safe and 
Vault Door Company in August, 1891, this safe was stored away in the cellar under 
the Mercantile National Bank, New York City ; hence it remained there for six years, 
and during the whole of that time was neither unlocked nor opened. The safe waa 
constructed as follows : 

The first plate was of refined wrought iron, one-half inch thick, with solid angle 
edges and comers. 

The second plate was of wrought iron, one-quarter inch thick. 

The third plate was of horizontally-laid one-half inch 3 and 5 ply laminated 
welded steel and iron strips (presumably chrome), having turnetl corners, each plate 
being 6 inches wide. 

'The fourth plate was of franklinite, 1^ inches thick, cast on a double basket-work 
of one-quarter inch wrought iron rods. This plate was laid in sections, and had 
solid turned comers, cast of course. 

The fifth plate was of wrought iron, one-quarter inch thick. 

The sixth plate was of wrought iron, one-naif inch thick. 

The outside measurements of the safe are as follows: Height, 5 feet 8 inches; 
width, 2 feet 8^ inches; depth, 2 feet 2 inches. 

Inside, as was seen after the door of the safe was removed, the safe was divided 
into three equal compartments. The doors to each were one-fourth inch thick, 
wrought iron, and each was provided with a combination lock. The dividing walls 
of these compartments were also of wrought iron, one-fourth inch thick. The 
diinensious of the outside door are as follows: 

The outside door was 24 inches wide and 60 inches high, and we presume that it 
was constructed of the same materials and in a similar manner to the body of the 
safe. It was provided with tongue and groove, as will be seen by reference to 
photograph No. 2, and ru])ber packing. This door was a very fine specimen of 
laminated construction. 

The plates of the safe were fastened together by numerous screw bolts varyiug from 
one-half to five-eighths inch iu diameter. 

The wrought-iron framework which supported the bolts was fastened to the door 
by 20 seven-eighths inch screw bolts^ which protruded through the frame and 
above it 1 inch, this part being threaded. On these were screwed nuts 1,V inches 
iu diameter and 1 inch deep. The bolts which locked the door were 1^ inhos in 
diameter and their motion when the combination should be made was controlled by 
an eccentric, turned by a handle on the outside of the door. A pin fastened to 
what may be termed the sliding bolt plates, worked in this eccentric. Simple con- 
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nections between these sliding plates caused all to move when the one to which 
the pin was fastened did. There were twelve of these locking bolts, arranged as 
follows : two at the top, two at the bottom, and four on each side. The bolt frame 
measured 2-/V inches deep by 2^ inches wide. There were two additional pieces, a 
and 6, serving as a guide for the two upper and two lower locking bolts, of the same 
dimensions as the bolt irame. The side locking bolt-s were fastened at the middle 
to the sliding bolt x»late. (See Fig. ) 

The description of the door as well as of the arrangement of the compartments 
inside the safe, is here given in order to convey a com|>lete description of the entire 
construction, although it was not until after the safe had been opened that the 
constructions referred to were known. Photograph No. 2 shows this door. 

The operation of cutting a 4-iuch hole through the side was commenced at 12 :58 
p. m. (The position of the hole is shown in photograph No. 3.) The necessary 
rigging was put on the safe and the cutters began their work on the first plate at 



o 



3^ JL] 



WDfflj 




tfH^B 



1 :08 p. m. At 1 :20 this plate, wrought iron, was cut out. At 1 :35 the second plate, 
wrought iron, was cut out. At 3:08 the third plate, welded'steel and iron, was cut 
out. At 4:55 a 4>inch hole was cut clear through the franklin ite 1^-inch plate. 
At 5:10 the fifth plate, wrought iron, was cut out. At 5 :30 the sixth plate, wrought 
iron, was cut out, thus completing the hole 4 inches in diameter entirely through 
the side of the safe. Time occupied in the whole operation, four hours and twenty- 
two minutes, a fraction less than 1 inch in depth per hour. 

Work- was then commene«Ml upon removing the combination lock on the inside 
of outer door. The space in which to work was very small, there being only 3 
inches of clear space between the inside of the outer door and the outside of com- 
partment doors. The lock was, however, disconnected at 6.45 and in attempting to 
throw the bolts by the handle on the outside of the door, the spindle was wrenched 
olt*. Recourse was then had to a hook bent on the end of an iron rod to throw the 
bolts, by passing this hook round a three-fourths inch pin fastened to the center of 
the slidin^bolt plate and pulling upon the rod. The pinreferred to was the oueagaiu8t 
which which the combination lever pressed when the safe was locked and the com- 
bination thrown. It was virtually the center of motion of the whole locking system, 
and it appeared strange, considering the fact that the couibiuatioa lock had been 
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entirely disconnected, this should not, when the hooked rod was applied, have 
drawn the holts hack. The reason for this was siihsequently discovered when the 
door had heen opened, and it was that the locking holts themselves had hecoiae 80 
rusted that they could not he moved. This rust was the accumulation of six years, 
and it is needless to add tliat it would not have heeu present on the locking holts ot* 
any safe in daily use. 

Work was discontinued at 7 :15. The time occupied in cutting a 4-ineh hole 
through the hody of this safe, as hefore stated, was four hours aud twenty-two 
minutes. The time occu])icd in disconnecting the locks was about one hour, at 
which time the safe was virtually open, since, had the locking bolts not heeu rusted 
they could have been thrown hy the handle which governs them, or had that 
broken, the hooked iron rod, pulling on the pin, fastened to the sliding bolt plate, 
would have thrown them. The balance of the intervening time (forty-five minutes) 
was wasted in endeavoring to move the bolts that were subsequently found to Le 
rust-hound. 

EXPERIMENT Na 4^ 

Demonstrating the pr<icticaJ)ility of entering a laminated safe hy stripping off one entire 
side, plate hy plate, using nothing hut wedges, chisels, and sledges. 

Before commencing this day*s operations, the gentlemen of the Commission staged 
that they should be compelled to leave the works at 10:40 a. m. in order to connect 
with the 11 :10 a. m. train for New York. It was therefore decided to proceed with 
the experiment of stripping the safe, plate by plate, with the understanding that 
work should he discontinued in time to enahle them to witness certain tests with 
explosives which were under contemplation. 

At 7:45 a. m. the operation of opening the Herring champion safe, hefore de- 
scribed, by tearing off one of its sides, was commenced. 

The right hand side of the safe was attacked: the whole of the outside plate, as 
well as the solid angle corners at front and back, all of which were half an inch thick, 
was removed. 

The second plate was similarly removed. The third course, composed of welded 
steel and iron, was nearly all removed, exposing the heavy plates of franklinite. At 
this juncture the hour of 9 :40 had arrived, and after fracturing one of the heavy 
franklinite plates, work was discontinued in order to afford the Commission an 
opportunity to witness other experiments. 

From the conditions in which the side of this safe was left after this attack of one 
hour and fifty-five minutes duration, it was evident to all that the complete removal 
of the side was a matter of a very short space of time, as practically nothing remained 
but the franklinite and a single plate of one-fourth inch iron. 

EXPiilRIMENT No. 5. 

This is in reality a continuation of experiment No. 1, in which the harred lining 
of the Corliss safe was proven to be sufficiently strong to resist penetration by any 
mechanical means that could he devised. Therefore, it was proposed to ascertain 
whether or not it was strong enough to resist explosive force. 

To test this question, the 36-inch Corliss safe, recorded in experiment No. 1, was 
removed from the shop to an open lot and the seven-eighths inch hole was filled 
with 4 ounces of forcite power No. 1, a detonator imhedded in the mass, the charge 
covered with sand hags and fired. 

As the result of this explosion the surfiice of the hack was very slightly spalled 
off around the hole and a few insignificant hair cracks of inappreciable depth were 
started. The lining was broken through and three bugs were blown out, only 2 ()f 
which could be found afterwards, oue being broken hy the explosion aud the other 
knocked out whole. The hole in the lining was about 2 inches in diameter, but the 
seven-eighths inch hole in the shell was not enlarged. 

The exterior shell of the safe suffered no injury. This experiment suggests the 
necessitv of a stronger lining to support the hars, if provision against such a test is 
deemed necessary. 

EXPERIMENT No. fi. 

The following experiment was made to demonstrate the practicability of opening 
any rectangular laminated structure hy the introduction of a very small amount of 
nitroglycerin into the joint betwcien the door aud the door-jamb. 

At 10:15 a. m. the following operation was conducted on the door of the Herring 
safe, viz: The hinges were removed and the joint around the door from a to ft to o 
was puttied. Had it not been for the fact that the outer jamb plate on the light of 
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the door M'as removed in the operation of stripping off the side (Experiment No. 4) 
the crack from cto d would have been |>uttied also and the hinges would not have 
been removed. 

A well of putty was made at tf, and into this were poured 4.8 ounces of nitro- 
glycerin. This ran rapidly into the crack, notwithstanding the fact that the fit of 
the door was very close — much closer, indeed, than ordinarily prevails, even in first- 
class work of this kind. No wedges were used to widen it. At the end of about 
six minutes nitroglycerin was seen running out at c, so putty was placed at this 
point and a short distance up from c along the crack c d. A detonator was now 
placed in the well at a, and at 10:23, just eight minutes after commencing the oper- 
ation, the charge was fired. 




As the result of this explosion the whole of the jamb below the door was blown 
out — that is, the portion marked & c/6 in the figure — and right under the door, on 
the left-hand side, at h was a space large enough to admit the hand and arm. 

The plate of franklinite was literally shattered into fragments. It was discovered 
afterward that the effect- on the interior of the safe from this explosion was as fol- 
lows: The door of the lower compartment was blown in and the dividing shelf 
between the lower and middle compartment was blown upward and then fell back 
to the bottom of the safe. The first three plates of the jamb on the left of the door 
were torn out at the lower portion down to the franklinite, and the first plate of the 
door f},- inches thick, was entirely stripped off^. 

Photographs Nos. 4 and 5 show the enect of the explosion on the jamb under the 
door and ou the jamb-plates on the lower left pide of door. 
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EXPERIMENT No. 



This experiment was made iu order to prove by actual demonstration, before the 
commission, the inherent weakness of all laminated safes and vaults when attacked 
by high explosives, such as may be made use of in case mob rule prevails. 

At 10:25 a. m. a 9^-pound cartridge of forcite powder No. 1 was placed on top of 
the screw door safe described in experiment No. 20 of my report. 



This cartridge was made up exactly as the one described in experiment No. 33, oi 
said report. The detonator was placed in the top of the middle stick of the upper 
bundle, and fired. There was no tamping. 

As the result of this explosion a hole 3 inches in diameter was made clear through 
to the interior of the safe, through a series of wrought iron and laminated plates, 
built np to a thickness of 4| inches. Around the edges of the opening produced by 
the explosion could be seen the fused iron and steel, a result developed by the high 
heat of the gases of explosion. 



A bucket of water was now brought and poured over the top of the safe to cool 
the plates, and another cartridge of forcite powder No. 1 was made up similar to 
the first used, but weighing 12^ pounds, and was placed can down with its center 
right over the center of the 3-inch hole just made. The base and elevation of this 
cartridge are shown in the accompanying figures. 

The detonator was imbedded in the top of the middle stick of the upper bundle 
jMid fired. No tamping was used. 
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Tho result of this explosion was to increase the diameter of the hole already made 
to n.V inches in the first plate and a clear diameter of 4 inches in all the uiiderlYin;^ 
plates rijrht throngh to the interior of the safe. The first phite of wronjiht'iroii 
rebounded from the top of the safe about liO feet into the air and fell withiii a few 
feet of the safe. 

The second cartridge was fired at 10:32 a. m., making the total time occ!ii)ied by 
both operations seven minutes. 

The disastrous effect of such explosions upon laminated constructions is made 
forcibly apparent when we consider the unusual strength of the safe experimented 
upon, for this safe was practically a cube 29 inches by 29 inches and 4f inches thick. 
The size of hole that wouhl have been produced had the area of the side been as 
great as that of a safe deposit vault, can more easily be imagined than determined. 
(See photographs Nos. G, 7 and 8.) 

The commission left immediately .after the firing of the last-mentioned charge. 
Mr. Corliss accompanied them. 

Mr. Clark and the undersigned resumed experiments on the Herring safe and 
completely demolished it in a few minutes time, as will be seen by the following 
record of the proceedings. 

At 11 a. ni. a small hole was i)uuched through the ui)per left hand comer of the 
plate of frauklinite B. on the right-hand side of the sale and at the point marked 
a, (See Fig.) 
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The strips on the top and right side are the welded steel and iron plates which 
had not been removed in the operation of stripping off this side of the safe. 

One-quarter of an ounce of forcite powder No. 1 was inserted in this hole, a 
detonator imbedded iu it, and at 11 a. m. the corner of the frauklinite plate was 
torn out. 

The portion is included in the lines &, c, d in the figure. Behind this plate was a 
half-inch wrought iron plate, and between it and the frauklinite was a space of 
one-fifth of an inch. Into this space was p.acked four ounces of forcite powder No, 
1, which was pushed well down behind the franklinite, a detonator imbedded in 
fhe charge and fired. 

As the result of this explosion the whole plate of frauklinite B, w^.s hlQwn out, 
S. Ex. 20 5 



Digitized by VjOOQIC 



6G VAULT FACILITIES OF THE TREASURY DEPARTMENT. 

tlie entire door of the safe was also blown out bodily, and fell to the front exactly as 
shown in photographs No. 9 and 10. 

The side wall of the npper compartment was also blown in. 

The several operations performed upon this safe may be recapitulated as follows: 

First, cutting a hole 4 inches in diameter entirely through side wall, which was 4 
inches thick. 

Second, stripping off the greater part of one side of the safe, work upon which 
was discontinued, as before stated, in order to afford the commission time to witness 
the experiments with explosiv^es. 

Third, blowing away the jamb of the door by introducing nitroglycerin in the 
joint. 

Finally, completely wrecking the safe by using explosives applied underneath the 
plates. This last operation was really a surprise to us all, for we had expected only 
to remove a small section. The plates were so loosely held that we did not expect 
much confinement of the blow. Had the commission remained twenty minutes 
longer they could have witnessed the whole operation. 

Upon reporting the matter to Mr. Corliss we learned that it had been his intention 
to resume the stripping operation and continue it until the whole side of the safe 
was removed, which certainly would have been accomplished in less than an hour^s 
time. 

It may be of interest to add here a brief description of the method of obtaining 
nitroglycerin. This substance is dangerous to manufacture, difficult to buy, but 
easy to'obtain by extracting it from the ordinary commercial dynamite. 

Dynamite is a name given to explosive compounds wherein nitroglycerin is the 
active agent, and the body of the compound is simply a vehicle for safe storage and 
transportation. Otherwise speaking, in all commercial dynamites, nitroglycerin 
is an active element. 

The process of extracting it is as follows: 

Take a cartridge of dynamite and break it up into small pieces; put these into a 
bottle of convenient size and pour over them a quantity of 95 percent alcohol j shake 
the bottle freely and by means of a wooden stick break up the soaking dynamite into 
as small particles as possible. The alcohol cuts the nitroglycerin and changes its 
color to a light yellow. The pulj), as the mixture of alcohol and dynamite may be 
termed, is now filtered in another bottle, the residue is squeezed out, and the liquid 
from it also filtered. Small portions of this filtered alcoholic solution arenow poured 
into a small bottle, and about as much water as there is solution is added. The 
mixture now beconu'S milk white. Shake the bottle for a few moments when the 
water will ^ilute the alcohol and precipitate the nitroglycerin so that upon stand- 
ing it settles to the bottom of the bottle. Pour oft' the water and alcohol and then 
pour the nitroglycerin into the receptacle provided for it. 

Samuel 'Rovmax, Jr., 
First Lieutenant, Second U. S, Artillery. 



The following series of experiments have been made at the suggestion of Mr. Ely 
for the purpose of ascertaining by actual test whether or not it is practical : 

First, to introduce fluid nitroglycerin into or through the joint between the 
door and door jamb of a Corliss safe in its normal condition. 

Second, supposing it to be impossible, by reason of the closeness of the joint, to 
introduce nitroglycerin, is it possible, by means of a ''battering-ram" or by "me- 
chanical pressure," or by *' explosives," to force the door inward sufficient to effect 
such introduction, notwithstanding the expanding ring? 

Third, if it is found possible by cither of the above processes to effect an opening 
of the joint sufficient for the introduction of nitroglycerin, would the firing of 
such a charge result in the destruction or disintegration of the door jamb, as in the 
case of the laminated construction, or would the mass of metal at this point be suf- 
ficiently strong to withstand such an explosion? 



EXPERIMENTS OF JANUARY 14 AND JG, IH'JS. 

The object of these experiments was to determine the practicability of introducing 
a charge of nitroglycerin between the door and jamb of the Corliss safe, and if 
this should prove to be a practicable oi^cration, to determine what effect, if any, thw 
explosion of the introduced charge would have upon the door ordoor jamb. 
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EXPERIMENT No. 1. 

A regular ftont and door of a 36- inch Corliss safe was set up in its natural position, 
?. f ., the door vertical. The door and front both had the ordinary machine-turned 
tit, hut not ground. The door was screwed into its closed i)ositiou inthe front and 
the ring expanded. At the point a in the figure, where the charge was introduced, 
the crack between the door and jamb was 25-10000 inch open, so to speak. 

At this point a, a w^ell of putty was made and into it were i>oured one-third ounce 
of nitroglycerin. 




At the end of fifteen minutes after pouring the nitroglycerin into the well, about 
one-fourth ounce had run in through the crack between the door and jamb. 

A detonator was now placed in the well at a and the charge fired. 

After the explosion the door was set back and turned around in order to determine 
what had been the effect of this introduced charge. 

The nitroglycerin had run down on the inner part of the, outer step of the jamb 
to the bottom or lowest point, and then had run back over the inner steps and down 
between the bugged lining and the shell. 

All of this was deducible from the fact that the outer step of the jamb presented 
a blackened appearance from the point a down to point &, and that some of the soft 
metal back of h was chipped off. ^ 

Apart from the blackened appearance of the first step of the jamb, which was also 
to be noted on the first step of the door, no effect whatever was produced either 
npon the door or the jamb. 

This experiment demonstrates very conclusively that not enough nitroglycerin 
can be introduced between the door and jamb of the Corliss safe, even where the 
fit results from ordinary machine turning, to produce any efiect whatever upon the 
door or door jamb. 

Regardless of the quantity of nitroglycerin poured in, there is always the same 
definite amount which will remain between the door and door jamb, and any more 
than this definite amount will run back into the safe and be negative so far as any 
effect to be produced upon the door jamb until such a large quantity has been intro- 
duced that its explosion will completely demolish the safe. This, however, exceeds 
the limits of practicability in the Corliss construction. 

In the laminated system of construction, the case is different and the practica- 
bility of destroying the jamb of such a door by the introduction of a small charge 
of nitroglycerin between the door and jamb has already been demonstrated to be 
an entirely successful operation. 



EXPERIMENT NO. 2. 

A regular front and door of a 36-inch Corliss safe was set up in its natural position, 
i. e., vertical. This front and door had a ground fit, i. c, the first step of the door 
and thatof the jamb fitted each other absolutely tight thrQughout their entire widtli 
and circumference. 
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The door was screwed into its closed position in the front and the ring expanded. 




A deep well of putty was made at a and into it was ponred one-half onnce of nitro- 
glycerin. This was allowed to stand for twenty minutes, being carefully watched 
&om time to time in order to see if there were any indications of the nitroglycerin 
running into the joint. The pool remained at a constant depth, however, and at the 
end of twenty minutes the nitroglycerin was run back into the one-half ounce meas- 
ure from which it had been poured, and it was fouud that it filled the measure, a. 
proof that none had run into the joint. 

The door was set back and swuug around and the outer step of door and jam care- 
fully examined. Not a trace of nitroglycerin was to be found upon either. 

Some days previous to this experiment this front was laid down in a horizontal 
position and the door lowered into its place, as shown in the sectional figure. 



Water was poured into A to a depth indicated by the dotted horizontal line, and 
allowed to stand three- fourths hour. The fit of the door and jamb was found by 
this test to be so tight that no water ran into or leaked out from the joint. 

The conclusions reached from these experiments can not be overestimated, for it is 
thereby proven beyond question that neither liquid explosive nor water can be in- 
introduced into the ground joint between the door and the jamb of the Corliss safe. 

EXPERIMENT Xo. 3. 

This experiment was conducted upon the same front and door as was used in the 
preceding experiment. 

It was found that in its closed position, the ring being expanded, the upper part 
of the door could be set back very slightly by turning back the upper spindle. 
This was accordingly done, and at the point h the point was found to be about 
20-10000 inch open. This opening extended from c to h to d, while from c to e to d 
the fit was still absolutely close. (Sec fig. below.) 

A well of putty was made at / and into this were poured one-quarter ounce of 
nitroglycerin. 
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This was allowed to remain for fifteen minntCv*?, and then all bnt a few drops was 
ran back into the meiisnre from which it had been taken. From a careful compari- 
son of the amount collected in the measure with wliat remained in the wellof i)ntty 
it -was ascertained that not more than three or four drops of nitroglycerin had run in 
through the crack at /during the entire fifteen minutes. It also appeared that no 
more would run in, because, after settling a trifle during the iirst five minutes, the 
liquid remained at a constant dejjth until the end of the hfteen minutes. 

A detonator was placed in the well at /and the charge fired. 

The door was then set back, turned around and the steps of both door and jamb 
carefully examined. 

There was no effect whatever produced upon the door or jamb, and the only 
trace existing to show that any nitroglycerin had run in was a black deposit from 
the gases of explosion on the outer step of the door «ind jamb extending from/ to d. 

It is fair to assume that the nitroglycerin did not cover this space, because not 
enough ran in to do so, but that the gases of explosion penetrated through this 
snialL crevice and left their trail on the outer step. 




The joint at the point / was about 15-10000 inch open, and I conclude that this 
space is too small to allow the flow of nitroglycerin through it. 

It must be borne in mind that in the regular locking mechanism of the Corliss safe 
the upper and lower spindles are locked after the door has been screwed up and the 
ring expanded. This precludes the possibility of turning back the upper spindle, as 
-was done in this case by way of experiment. 

From these experiments the conclusion must be reached that in the ground-fitted 
door of the Corliss safe there is no possibility of introducing any explosives in the 
joint between the door and the jamb. 

Samuel Rodman, Jr., 
First Lieutenant f Second U. S. Artillery, 



EXPERIMENTS JANUARY 27 AND 28, 1892. 

The object of these experiments was to ascertain if the explosion of a mass of dyna- 
mite or oth<5r similar high explosive upon the door of a Corliss safe would drive it 
inward, so as to make an appreciable opening between tho door and the door-jamb, 
notwithstanding the expanding ring. 

The safe operated upon is shown in Fig. A-1, which rejiresents its actual posi- 
tion during these experiments. 

The door was screwed to its closed position and the ring expanded. All the spin- 
dles had been removed from the door. In order that the effect of the charges used 
should be transmitted as evenly as possible over the entire door, and to prevent, as 
far as could be done, the escape of the gases of explosion through the spindle holes, 
a half-inch wrought iron plate was bolted over the plane surface or center of the 
door. 

This door had been used in some previously conducted spindle experiments, and 
had been considerably cracked, as shown in Fig. A-1. 
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For tbo purpose of these experiments there were made up ten cylindrical <*.hurgc8 
of forcite powder No. 1, as follows : 

Ouiiro-s 

No. 1. One Stick H 

No. 2. Two sticks 10 

No. 3. Three sticks Jl 

No. 4. Four sticks oi 

No. 5. Five sticks 4!> 

No. 6. Six sticks..... l-* 

No. 7. Seveu sticks r> ; 

No. 8. Eight sticks CA 

No. 9. Nine sticks 72 

No. 10. Ten sticks 80 

The total amount of forcite powder No. 1 was 440 ounces, or 27 .V pounds. 



Figure A-1. 
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Each charge was placed with the ends of the sticks forming it against the half- 
inch WTO light- iron plate over the center of the door, and the detonator in each case 
was imhedded in the outer end of the center stick of each charge. No tamping was 
used for any of these charges, and they were held suspended <dose against the half- 
inch wrought-iron plate by wires. 

The results obtained with each cartridge are given below. 

Xo. J. — Eight ounces of forcite powder No. 1, a single stick. Result: The half- 
iueh wrought-iron plate was deeply indented and somewhat loosened from its fas- 
tenings. No effect was produced either upon the door or the expansion ring. 

Xo, 2. — Sixteen ounces of forcite powder No. 1, two sticks. Result: Two deep 
indentations in the half-inch wrought-iron plate, but no effect whatever i)roduced 
either upon the door or the expanding ring. 



Figure A-2. 

"Ko. 3, — Twenty-four ounces of forcite powder No. 1, three sticks. Result: The 
half-inch wrought-iron plate was perforated and the metal of the door around the 
center spindle hole slightly fused, but no effect whatever was produced upon the 
expanding ring. 

No, 4. — Thirty-two ounces of forcite powder No. 1, four sticks. Result: The hole 
in the half-inch wrought-iron plate was considerably enlarged and the metal of the 
door si ill further fused and crowded in Jiround tlie center spindle hole, but no effect 
whatever was produced upon the expanding ring. 

Ao. o. — Forty ounces of forcite powder No. 1, five sticks. Result: The half-inch 
wrought-iron plate was knocked off by this explosion and the crack a was extended 
to the edge of the door, as shown in Fig. A-2. This crack measured about one- 
sixty-fourth inch in width. The metal of the door was still further fused and 
crowded in around the center spindle hole, but no effect whatever was produced 
upon the expanding ring. 

No, 6. — Forty-eight ounces of forcite powder No. 1, six sticks. In this and in all 
succeeding experiments the wrought-iron plate was so ])laced over the center of the 
door as to allow us to place our charge upon an uninjured portion of the plate. 
Result : The explosion of this charge perforated the half-inch wrought iron-plate, 
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and the crack a was slightly widened. A piece of metal h was spalled off from the 
edge of the lower spindle hole, as shown in Fig. A-3. The metal of the door around 
the center spindle hole was a trifle more fused and crowded in, and two moro Jine 
cracks, o and d, were developed in the door. No effect whatever was produced npon 
the expanding ring. 

No. 7. — Fifty-six ounces of fore ite powder No. 1, seven sticks. Result: The half- 
inch wrought-iron plate was perforated and the crack developed hy the preceding 
charges somewhat lengthened, widened, and deepened. 

A piece of metal at c, preceding figure, was spalled off the edge of the upper spiudle 
hole. The metal of the door around the center spindle hole was a trifle more fused 
and crowded in. No new cracks were developed, and no effect whatever was pro- 
duced upon the expanding ring. 



Figure A-3. 

No* 8. — Sixty-four ounces of forcite powder No. 1, eight sticks. Result: The half- 
inch wrought-iron plate was perforated and the cracks previously developed in the 
door were still further enlarged and extended. The crack a being now about thifr 
sixty-fourth inches wide. The metal of the door around the center spindle hole >vas 
a trifle more fused and crowded in, but no effect whatever was produced upon the 
expanding ring. 

No. 9. — Seventy-two ounces of forcite powder No. 1, nine sticks. Result: The 
half-inch wrought-iron plate was perforated and several new cracks developed, as 
shown in Fig. A-4. The metal of the door around the center spindle hole was a 
trifle more fused and crowded in. By this explosion an effect was produced on the 
inside of the door for the first time, viz, one upper and one lower lock-plate screw 
were knocked off'. No effect whatever was produced upon the expanding ring. 

No. JO. — Eighty ounces of forcite powder No. 1, ten sticks. Result: The half- 
inch wrought-iron plate was perforated. The cracks shown in the preceding fig- 
ures were somewhat enlarged. The metal of the door around the center spindle 
hole was a trifle more fused and crowded in. A small piece of the expanding ring 
mechanism on the back of the door was knocked off, but no eff'ect whatever was 
produced upon the expanding ring. 
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It will be observed that in all of tlieae experimeuts no <»tfect whatever has been 
produced upon the expanding ring, nor has there been any tendency toward open- 
ing the joint between the door and door jam. 

Reviewing these experiments, it is evident that the effects produced by these ex- 
plosions was localized around the point of application of the different charges; that 
no increase of charge would produce any effect upon the expanding ring ; that the 
door at the close of the experiments fitted tighter than at the beginning, owing to 
the development and subsequent enlargement of the crack «, and that the cracks 
developed in the central portion of the door would not have been nearly so marked 
had the spindles been in place to make up a virtually solid mass of metal behind 
the explosive. 



Figure A — 4. 

In fact, it is exceedingly doubtful if auy crack at all would have been developed, 
had these experiments been made on a sound door with spindles in place. The only 
object in making these tests, as before stated, was to determine tlie action of the 
expanding ring under these several charges of high explosives, detonatetl upon the 
face of the door. 

There was no perceptible motion in the whole body of the safe to the rear, caused 
by any of these explosions. 

These tests were very severe and far in excess of a practical application of mob 
violence. Even supposing a mob could attack a Corliss safe door in this manner, 
the result justifies the conclusion that nothing whatever could be gained towards 
effecting an entrance into the safe. Everything would, on the contrary, be lost to 
them when any single portion of the locking mechanism should be displaced by the 
concussion transmitted from the explosion on the outside, as happened in the case 
of the tenth explosion, cited above, when a small piece of the expanding ring mech- 
anism on the back of the door was knocked off. 

Hence the conclusion must be reached that the Corliss safe door is proof against 
any mob violence brought to bear against it through the agency of dynamite or other 
explosives. 

Sam r EL Rodman, Jr., 
First Lieutenant, Second U. S. Artillery. 
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EXPERUIKST JANVARY 28. 1893. 

In the following experiments another method of attack upon the door of the Corliss 
safe was resorted to, viz, exploding a charge of dynamite npon the joint hetwoen 
the door and door jamb to determine what effect, if any, would be produced upon 
the joint, or rather the edgeS of the opening at the joint, or upon the exj)an ling 
ring. 

Tn^ same 36-inch Corliss safe used in the experiments of January 27, 1892, just 
cited, was subjected to tests as follows: First, 8 ounces of forcite powder No. 1, a 
single stick, was laid flat against tlie joint between the door and door jamb at the 
point a. 




A detonator was placed in the middle of the stick and the charge fired. 

A careful examination failexl to show the slightest effect produced either upon the 
door, the jamb, or the joint between them. The door was not set back, nor was 
there any effect whatever produced upon the expanding ring. 

Second, 16 ounces of forcite powder No. 1, two sticks, were placed flat against the 
joint between the door and door jamb at the same point a. The two sticks were 
tied together and the detonator placed in the middle of the outside stick. 

A careful examination failed to show the slightest effect produced either upon the 
door, the jamb, or the joint between them. The door was not set back, nor was there 
any effect whatever produced upon the expanding ring. 

By this experiment it is very conclusively demonstrated that the strength of the 
construction and of the materials used in the Corliss safe is so great that an attack 
upon the joint between the door and door jamb with high explosives fails to prodnce 
any advance towards demolishing the structure or gaining an entrance to the safe's 
interior, 

Samuel Rodmak, Jr., 
First Lieutenantf Second U, S. Artillery, 



EXPERIMENT, FEBRUARY «, 1899. 

The object of this experiment was to ascertain what effect, if any, would be 
produced by a very heavy pressure applied slowly and continuously upon the Cor- 
liss safe door, and to note particularly if the expanding ring would be aflected or 
the door forced inward a sufl&cient distance to allow the introduction of a liquid or 
liquid explosive between it and the jamb. 

For this purpose the 36-inch safe with ground fitted door, used in experiment of 
January 16, 1892, was surrounded by heavy rigging shown in the accompanying 
photograph. The yellow pine beams at front and back are 15^ inches by 9^^ inches 
by 7 feet 3 inches long, and the iron rods making up the other two sides of this 
frame are If inches in diameter and 5 feet 6 inches long, They ran through holes 5.5 
inches apart in each of the wooden beams, and were provided with heavy nuts and 
washers at each end. 

This frame or rigging, it is evident from the photograph, formed a backing for 
the two 15-ton hydraulic jacks, which are also shown in position. The bases of the 
jacks rested against the heavy beam in front of the safe, and their heads against a 
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wooden block 7 inches by 8 inches by 20 inches, placed over the center of the door. 
The joint Initween the door and door jamb was puttied on the outside from a to d 
to c. At a and c wells of putty were made and filled with water. 




It is hardly necessary to add that the door had previously been screwed to its 
closed position and the rin^j; expanded. Pressure was now applied upon the safe 
door with the two jacks. They were pumped up as hard as possible in order to de- 
velop the full pressure of 30 tons^ and this was maintained for 15 minutes. At short 
intervals the water in the two wells of putty was examined, in order to determine 
if there was any difference in level owing to any of the water having run in through 
the joint between the door and jamb. 

The unputtied portion of the joint from a to & to c was also carefully watched in 
order to detect any opening of the joint that might result from the pressure on the 
door. 

The great pressure developed by the jacks caused the beams to bend about | of an 
inch -at the center, which was only 27i inches from each of the If-inch iron rods, 
bat the water in the wells of putty remained at a constant height through the en- 
tire operation, and the joint from a to & to c was not opened a particle. 

Upon removing the jacks and opening the door of the safe the surfaces were care- 
fully examined and no evidence was found t>liat the smallest amount of water had 
entered the joint. Hence the conclusion from this experiment must be that the Cor- 
liss safe door cannot be forced in by a very heavy pressure applied slowly and con- 
tinuously against it, and that the expanding ring is so strong and so well fitted that 
it will resist an enormous pressure on the outside, far in excess of that to be applied 
in any practical manner burglariously. 

Samuel Rodman, Jr., 
First Lieutenant Second Artillery, U. S. Army. 

Corliss Safe and Vault Door Co., 

Providence, R. /., March 4, 1892, 

Mt Dear Sir : In response to what I understand to be your wish, as expressed or 
intimated in your very polite letters of January 25 and February 1, I beg to submit 
for the consideration of your Commission my views on the subject of safe and vault 
construction for the settlement of which (question your Commission was created by 
Congress at the suggestion of the late Secretary of the Treasury, Mr. Windom. 

You will, I am sure, jiardou me if I write very earnestly and frankly on the sub- 
ject and if I seem to indicate to the Commission my views regarding what I think 
should be their conclusions in view of all the facts that have been brought before 
them. 

It is now some years since my attention was accidentally called to the subject of 
safes and vaults. Being entirely ignorant regarding the state of the art and the 
system of construction in vogue, I naturally supposed that there were a multitude 
of burglar-proofs in the market, and that therefore the only questions to be consid- 
ered in making a purchase were such minor considerations as convenience of use, 
nicetj' of construction, and price. 

Notwithstanding the fact that safemakers had vied with each, other for years in 
their efforts to exhaust the adjectives in our language in support of their claims, a 
superficial examination of tbe subject awakened misgivings regarding the funda- 
mental question at issue, viz, the burglar-proof qualities of the safes that were offered. 
These misgivings led to a more thorough investigaticm of the subject, and resulted 
in the discovery of the fact that there wtis no really burglar-proof safe made. Further 
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investigation, and due consideration of the subject, established in my mind a con- 
viction that it was utterly impossible to produce a really burglar-proof structure l»y 
the piecemeal method of construction necessarily adopted in building rectangular 
safes and vaults. 

In the consideration of this subject, the fact should bo borne in mind that the 
great mass of people, although they are deeply interested in the result, and would 
be intensely interested could they know the facts as they are developed, practically 
know nothing of the merits of the question. Even bank officials and others, who nre 
the custodians of the portable wealth of the world, are without any, or sit least any 
considerable, knowledge of the matter. Their experience in purchasing and using 
safes and vaults, even though covering a lifetime, constitutes no qualiiication what- 
ever for expert opiniou upon the mechanical or scientitic questions involved, nor 
does their education and experience qualify them to combat fallacious arguments or 
detect sophistry in the discussion of this question by those whose business interest* 
would seem to imply a thorough knowledge of the subject in all its bearings. 

Having been, as it were, drawn into the investigation of this subject while acting 
as a bank director in pursuit of a burglar-proof, and discovering that no burglar- 
proof structure could be procured, I became strongly impressed with the vital 
importance of the subject and thoroughly imbued with the absolute necessity that 
some construction should be devised by which the funds of our moneyed iuBtitutions 
might be made more secure, and the rapidly accumulating wealth of the world could 
be preserved from the depredations of lawless men. To the accomplishment of this 
end, I abandoned a prominent position in the steam-engine business, as you know, 
and have devoted several years of my life and a large amount of money. As a result 
of my labors (and to this dat« I might add my sacrifices) the world is in possession 
of a system of safe and vault constrncticmthatis absolutely burglar-proof, and that 
affords, in my opinion, all the practical security demanded against m(»b violence. 

At the time I had the honor of presenting this subject to Secretary Windom there 
was pending in Congress a bill appropriating about $330,000 for improved vault 
facilities for the Treasury Department, the immediate passage of which was strongly 
urged by the Secretary. Upon hearing my statements and explanations, and exam- 
ining my models and the documentary evidence I offered, be said that he did not 
feel himself competent to decide a question of this kind where so much was involved 
and added, *^It is too deep for me. If this bill passes I shall appoint a competent 
commission to thoroughly investigate this whole matter and settle it for me." The 
bill making the appropriation for the vaults was not passed, but the clause author- 
izing the appointing of the Commission was passed and is the authority under which 
the Commisvsion now exists. 

If I remember correctly, you stated when here that the Commission had not been 
invited by anybody but ourselves to witness tests or dtntioustrations of any kind. 
Is not this fact very significant? Is it not fair to assume that the proprietors of the 
different establishments that you officially visited would gladly have embraced the 
opportunity to afford the Commission some' substantial; some practical evidence of 
the security afforded by their construction, if indeed it were possible to otter any 
tangible evidence? 

In the absence of any such action on their part, is it unfair or unreasonable to 
infer that their unanimous course in this particular was prompted by a knowledge 
of their own faulty construction, coupled with a respectful appreciation of the 
practical ability of the Commissioners? 

Secretary Windom, I am quite sure, comprehended the difficulty that confronted 
him in the consideration of this question. He appreciated the fact that large sums 
of money were being spent annually for vaults and safes. He realized that if any 
one system of construction extant was preeminently better than all others, the fact 
should be established and that system should be made the standard. To ascertain 
the truth as to this question, and to "settle the matter," he. detei mined to appoint 
a commission. No such commission was ever before created. The Goveruraeutand 
the banker has heretofore blindly followed the recommendation of safe makers, an<l 
it is now proposed to determine the question by a competent commission of disin- 
terested experts, to whose conclusions no one but the sale maker whose construc- 
tions are condemned as insecure will ever oft'er objection. 

If the Commission shall find a system of construction that really affords security, 
the Government and the community at lariije are entitled to know that fact and to 
know what it is, that no more money may be expended by those who are not com- 
petent to investigate tlu^ subject for themselves upou insecure constructions, »itt<l 
also to the end that the public may not repose confidence in structures that afford 
no adequate security. 

It is impossible to measure the importance of the Commission's work. I doubt if 
the Commissioners themselves, at the commencement of the investigation, fully ap- 
preciated the results that might arise from their labors. 

It has been stated that ninety-nine one-hand redths of the portable wealth of the 
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^▼orl«l 18 stored in safes and vaults. If, in the pursuit of their investigations, the 
Cotiuiiisaion have discovered that those safes and vaults are, in reality, very inse- 
onre^ an^l that the confidence reposed in them is based upon ignorance of mechanical 
and scientific principles, rather than upon sound reasoning and fact, certainly the 
Coniixiisaion will have done the community some valuable service. If they discover 
a rfsmedy for this defect, and announce that fact through the Secretary of the Treas- 
MTy-f they will have done a far greater service. 

I am not blind to the fact tiiat safe makers will be terribly chagrined and dis- 
pleased if you report the whole truth regarding the weakness of their construction. 
Most asenredly they will seek by every means in their power to neutralize your 
statexnents and to discredit your opinions; but if they dare to question the sound- 
ness of your conclusions^ invite them to send specimens of their constructions io 
the Commission, promise them a fair and impartial test, at the same time assuring 
them that if you have erred in judgment the error will be cheerfully corrected. If, 
on the other hand, your jud^ent is confirmed, the safe makers must abide the 
resalty and the whole community will echo, Amen. 

As irtated to you in a previous communication, I feel that it is a difficult an^ deli- 
cate matter to determine just how much of the truth established by our demonstra- 
tions, made in your presence, should be revealed and how far it should be made 
public. 

By reference to the act of Congress under which the Commission was appointed 
we ^nd it to be as follows : 

*'To enable the Secretary of the Treasury to appoint a commission of scientific 
or xneohanical experts to report on the best method of safe and vault construction, 
with a view of renewing or improving the vault facilities of the Treasury Depart- 
ment." 

A strict interpretation of the duty of the Commission is, therefore, to ascertain 
and report what is the "best method" of safe and vault construction. 

So far as we are informed only three systems or methods of construction are 
under consideration. 

First, the laminated system. 
Second, the Hough and Harper construction. 
Third, the Corliss system of construction. 

The laminated construction has been for all time the prevailing custom. When 
mankind first sought a locked receptacle for valuables a wooden box or chest was 
made. Later on the wooden box was lined with iron ; then came the iron box ; still 
later came the steel lining, and finally the welded steel and iron box. These several 
steps in the process of evolution were the product of the ironmaster, not the safe- 
maker. The safe-maker has never been known to get beyond the idea of a square 
box. Competition in manufacture has always been confined to barter and to details 
in the manner of putting together plate after plate, rather than to any radical im- 
provement. Hence, we find all othodox safe-makers a unit in their antagonism to 
any new process of safe construction. 

The inherent defects of the laminated system of construction being so plainly evi- 
dent it is surprising that at this stage ot the world, at this period of progress in 
the arts and sciences, its use has not become entirely obsolete. 

The practical demonstrations made by us in the presence of the Commission have 
established the fact beyond all possibility of doubt or denial that it is practically 
impossible by the laminated system of construction to make a burglar-proof structure. 
Of course, your report to the Secretary of the Treasury will state this fact. 
As t-o the vault construction suggested by Messrs. Hough and Harper. In the 
absence of any practical tests we assume that the Commission will be obliged to 
form their conclusions as to its merits upon a mental analysis of its construction 
in the light of their own experience, aided, perhaps, by the ocular demonstrations 
they witnessed when here. 

I am personally cognizant of the fact that the idea of thio Commission was con- 
ceived and the appointments were made for the specific purpose of obtaining a 
formal expression of opinion as to the relative merits of the Corliss system of safe 
and vault construction and the laminated system of construction, or any other 
method of construction that may be brought to their attention by gentlemen thor- 
oughly qualified by education and experience as engineers and mechanics to make 
the necessary investigations and to determine the question. 

The Commissioners will certainly accord to us the credit of having afforded them 
every facility in our power to thoroughly investigate theoretically and practically 
the subject under consideration, both with reference to our own construction and 
all others. 

The tests and demonstrations made were of incalculable value, for they estab- 
lished many facts that could not with certainty be determined otherwise. 

Our only regret is the fact that the gentlemen of the Commission were unable to 
giv« as much time to the subject, especially as to the practical demonstrations^ as 
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we had hoped, for we were ready and anxious to go to the bottom of every question 
and. settle every point raised by actual demonstration, to the end that the main 
question might be determined bej'ond the possibility of controversy. 

In our opinion enough has already been done to'establish the facts necessary to 
a determination of the relative value of the different methods of construction, and 
as this is the main question at issue further investigation may not be absolutely 
necessary to a fulfillment of the duties of the Commission, but further investiga- 
tion would be valuable and may be necessary, for if any interested parties take 
exception to the tc^rms of your report they should be answered by the Commission. 

We hope that Secretary Foster will see' the reasonableness of tliis and decline to 
dismiss the Commission upon the rendering of their report. They should be retained 
so as to be able, if necessary, to defend the position they shall have taken regarding 
the question submitted to them. If interested parties claim to have been wrongly 
adjudged, let them be invited to send to the Commission specimens of their manu- 
facture to be tested. Any mfinufacturer who confidently believes his construction 
to be burglar proof will certainly not demur at this. 

By this means the "chaff" will eventually be sifted from the "wheat" and the 
question will be effectually settled. 

In the study and investigation of this subject we have devoted years of time and 
a very large amount of money. We unhesitatingly venture the assertion that the 
aggregate of time and money expended by us in this direction and in our efforts to 
produce a remedy for the dangers that threaten the treasure of the world, is greatly 
in excess of that expended by all others who have labored in this direction combined 
together. Therefore, we have felt that we are entitled to that consideration we ask, 
viz; a thorough and comprehensive examination, that the merits of the case may be 
authoritatively and wisely determined and made known. More than this we do not 
ask. Less than this woufd be an injustice to anj*^ one who has labored for the ac- 
complishment of a meritorious end, the successful achievement of which is of great 
public interest and for the general good of mankind. 

In the decision of the question involved somebody must be aggrieved; it is impos- 
sible to avoid it. A truthful statement of the salient points will most certainly 
displease one class; a withholding of such statement will displease others and dis- 
appoint all. 

When the banking fraternity become fully advised of the object and scope of the 
Commission's work they will look to your conclusions and follow them implicitly, 
unless, indeed, your conclusions are successfully controverted. To avoid any sncli 
contingency we have sought by every means in our power to show and convince the 
gentlemen of the Commission what the facts are and upon what ground they can 
stand unmoved by any assault. 

Pardon me for inflicting upon you such a lengthy communication. If any apology 
is needed it may be found in the fact that you have asked me to state, for the bene- 
fit of the Commission, all points that I deem necessary to a fuU understanding of the 
matter under consideration. 

Very respectfully yours, 

William Corliss. 

Dr. Robert H. Thurston, 

Chairman Treasury Commission on Safe and Vault Construction, Ithacaf N. Y. 



RECORD OF DEMONSTRATIONS MADE IN THE PRESENCE OF FRANCIS 
A, PRATT, ESQ., MEMBER OF THE TREASURY COMMISSION ON SAFE 
AND VAULT CONSTRUCTION, AT THE WORKS OF THE CORLISS SAFE 
AND VA ULT DOOR COMPANY, ON MARCH 5, 1892. 

It will be remembered that upon the occasion of the visit of two members of the 
Treasury Commission, viz: Dr. R. H. Thurston and Theodore N. Ely, Esq., on De- 
cember 29 and 30, 1891, after they had witnessed a number of demonstrations, both 
upon the Corliss safe and upon a safe built upon the laminated system of construc- 
tion, and after these gentlemen had left the works and were on their way to Provi- 
dence, Mr. Ely suggested that certain experiments should be made upon the Corliss 
safe. These experiments were most carefully and thoroughly executed, carrying the 
tests considerably beyond the limits of ordinary practicability, and an account of 
the same, with the efiect produced and conclusions reached, are embraced in the 
report of operations conducted before the Treasury Commission and of experiments 
conducted at their suggestion. 

Upon the occasion of Mr. Pratt's visit, time was wanting to repeat these experi- 
ments iu detail j all but one, however, were repeated, and in those instances where 
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high explosives were used the final and heaviest charge that had heen noted was 
applied. The experiment omitted was the one where it was sought to determine the 
effect produced by a charge of nitroglycerin introduced between the door and jamb 
of a safe whose door and jamb were simply machine turned. This demonstration, 
however, was not necessary, since all the doors of the Corliss safe are now ground 
to a perfect tit, and since it is necessary to produce some opening before a liquid 
explosive can be introduced, which it will be noted by a perusal of the following 
report was not made. 

The experiment of exploding a charge of forcite powder No. 1, noted below, 
upon the joint between the back and front of a Corliss safe was suggested by Dr. 
11. H. Thurston, and has not previously been reported to nor witnessed by the 
CouimiBsion. 

EXPERIMENT No. 1. 

In the demonstrations *made upon the Corliss safe, a 36- inch safe complete and 
setup as for use was taken. It had a ground-fitted door. The upper and lower 
spincUes were in position, the other three were left out. Tbe safe standing on a 
truck just as it was used in the demonstrations is shown in photographs Nos. 1 
and 2. 

The door wjis screwed to its closed position and the ring expanded. A half-inch 
wronght-iron plate about 6x10 inches was laid flat against the face of the door and 
firmly lashed into close contact with it. A 5 pound cartridge of forcite powder No. 1, 
made up into a cylindrical bundle of ten sticks, was placed with one end resting 
against the wrought-iron plate and directly over the center of the door. It was 
firmly held close against the plate by wires and a detonator imbedded in the outer 
end of the center stick of the bundle. This charge was detonated, and the wrougbt- 
iron plate, which bounded off about 20 feet to the front, was nearly punctured. 
There was not the slightest effect to be noticed upon the surface of the door save a 
blackened apjiearance and a small indentation in the bead of the upper spindle 
caused by the wrought-iron plate. Photograph No. 3 shows the front of the safe 
after the explosion. 

To determine whether the door had been set back any by the tremendous blow 
given to it by this charge, a well of putty was made at the point a (see Fig. 6-1) 
designated by Mr. Pratt, and water poured into it. Owing to. the fact that the 
putty did not adhere well to the iron of the safe some of the water leaked out. The 
leak was stopped and the water allowed to stand in the well for five minutes. 




Figure 6-1, 
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An attempt was then made to open the door in order to examine the steps of tlie 
door and jamb at a and determine whether any water had run in, but the npp«ir 
spindle refused to work. Several unsuccessful attempts were made to operate the 
upper spindle on the afternoon of March 5 and during the morning of Marcli 7, 
(March 6 being Sunday) and on the afternoon of March 7 the back was unscrewed, 
from the front, disclosing the interior. 

It was noted that no effect had been produced by the explosion upon any part of 
the locking mechanism, but the spindle had been so upset that it could not be turned. 

On the afternoon of March 8 the upper spindle was bored out in a boring mill, the 
door set back, swung around, and it was then determined that no water had entered 
the joint between door and jamb. The expanding ring had not been effected in any 
way. The truck upon which the safe stood ran back 1^ inches from the effect of the 
explosion. 




Figure h 2. 

Hence the conclusion must be reached that the (.'orliss safe door and expanding 
ring are proof against any attacks directed towards driving the one in and upset- 
ing the other by the detonation of a large mass of explosive on the outside. 
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EXPERIMENT No. 2. 

The same safe was used in this demonstration, and the object aimed at was to 
determine what effect, if any, would be produced by tiie explosion of a charge of 
dynamite placed on the joint between the back and front of a Corliss safe. 

For this purpose a cylindrical icartridge of forcite powder, No. 1, made up of five 
sticks and weighing 2^ pounds, was placed with one end firmJy against the joint 
between the back and front, at the point a, shown in the following Fig. 6-2, and 
held securely in position by wires. The detonator was imbedded in the outer end of 
the center stick of the cartridge. 

The result of the explosion was absolutely nil as regards opening in the slightest 
degree the joint between the back and front, and a reference to the photograph No. 
4 will show that the only effect produced was a cleaning off of the surface of the 
i'*ou immediately under and around the point of application of the charge. 

This experiment very conclusively demuustrates that the Corliss safe is proof 
against any attack directed towards opening the joint between the back and front 
by the detonation of a mass of dynamite or other high explosive placed against this 
joint. 

EXPERIMENT No. 3. 

The demonstration made in this case was the placing of a charge of forcite powder, 
No. 1, directly against the joint between the door and jamb, and, exploding the same, 
to determine what effect, "if any, would be produced upon the expanding ring or 
towards opening the joint suflBciently for the introduction of a liquid explosive. 

The same 36-inch Corliss safe was used. A cartridge of forcite powder, No. 1, 
weight 1 pound, made up of two sticks, bound together by wire, was laid flat against 
the joint between the door and jamb at 6, shown in the Fig. 6-1. The detonator 
was imbedded in the center of the outer stick of the charge. 

After the explosion a well of putty was made at 6. Water was poured into this well 
and allowed to stand for five minutes. At the end of this time its height in the well 
remained unaltered. 

When the door was opened^ three days afterwards, on March 8, there was no 
indication of any water having run into the joint at the point 6. There was a 
blackened appearance to the outer step of door and jamb, showing that the gases of 
explosion had penetrated somewhat even this almost absolute tit, but they had not 
separated the joint between the door and jamb so as to allow the introduction of 
any liquid explosive. The expanding ring was not affected. 

A careful inspection and comparison of photographs Nos. 2 and 4, No. 2 taken be- 
fore and No. 4 after the explosion, will show that no effect whatever, beyond a 
cleaning off of the surface of the iron around the point of application of the charge, 
is noticeable. 

The conclusion to be reached from this demonstration is that the Corliss safe is 
proof against that attack which would be directed towards opening the door by the 
detonation of a mass of explosive placed upon the joint between the door and jamb. 
Any charge of practicable size will produce no effect whatever, either upon the 
door, the jamb or the expanding ring, so that it would not be possible; subsequent 
to such an explosion, to introduce any liquid explosive into the safe. 

EXPERIMENT No. 4. 

A Herring vault door, which is shown in photographs Nos. 30, 31, 32, and 33 in the 
Report on Preliminary Experiments and Mecjianical Burglaries, was now operated 
upon. 

This vault door was built for the Mercantile National Bank of New York City, 
and, as shown in the photographs referred to, had previously been operated upon 
in the presence of prominent bank officials by the cutting of two 4-inch holes through it. 

The plates of this door are as follows : First plate, welded iron and steel (presum- 
ably chrome) one-half inch thick; second plate wrought iron, one-half inch thick; 
third plate franklinite, 1-inch thick; fourth plate wrought iron, one-half inch 
thick ; total thickness of door, 2^ inches. 

Behind the fourth plate and bolted to it was the massive bolt-work common to 
laminated constructions. 

Three men, at 11.19 a. m., began to get together the necessary burglar's tools. 

At 11.23^ a. m. heat was applied to the outside plate and continued until 11.49^ a. 
m., twenty-six minutes. The heat was then taken oft' and while the plate was cool- 
ing the burglar's rigging was set up in front of the vault door. 

At 12.09 p. m., the outer plate of the door being sufficiently cooled, the 4-inoh 
cutter was applied, and at 12.29 p. m. the first plate of welded iron and steel was cut 
through and taken out. Time of cutting, twenty minutes. 

S. Ex, 20 6 
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The 4-mcli cutter was applied to the second plate at 12.30 p. m. and at 12.38 p. 
m. the second plate of wrought iron was cut through and taken out. Time of cut- 
ting, eight minutes. 

The rigging was then removed and at 12.39 p. m. operations upon the third plate 
with punches and sledges were commenced, and at 1.01 p. m. a hole 4 inches in the 
clear was punched through the third plate of franklinite. J'ime, twenty-two minntes. 

The rigging was now set up again and the 4-inch cutter was applied to the fourth 
plate at 1.04 p. m., and at 1.17 p. m. the fourth and last plate of wrought iron was 
cut through and taken out. Time of cutting, thirteen minutes. 

The time occupied in the entire operation, performed hy three men, from 11.19 a. 
m. to 1.17 p. m. was therefore one hour and fifty -eight minutes, and the result was a 
4-inch hole cut clear through the door. 

As stated hefore, two 4-inch holes had previously heen cut through this door. 
The time of each of these holes is as follows: First, two hours and sixteen minutes. 
This included cutting the 4-inch hole, disconnecting the lock, and opening the 
door. Second, two hours and one minute. Third, one hour and fifty-eight minutes. 

The total time therefore for these three operations was six hours and sixteen min- 
utes, and it represents the time necessary to cut a 4-inch hole clear through a first- 
class piece of laminated work, 7i inches in thickness, and disconnect the lock. Bur- 
glars certainly have this time at their disposal any night. 

Suppose them to have thirty-six hours under the most favorable conditions, then 
at the rate of cutting done in these three operations cited above, viz, 1.2 inches i>er 
hour, they could cut through 43.2 inches of laminated work such as the above, 

EXPERIMENT No. 6. 

This demonstration was simply a repetition of that mentioned in the report of 
experiments suggested by Mr. Ely, where two 15-ton hydraulic jacks were used to 
test the strength of the Corliss safe door and expanding ring to resist a heavy and 
continued pressure applied to the center of the door. The same safe, riggiugs, and 
jacks were used as have been described in that experiment, and every detail carried 
out in the same way. 

Pressure was applied to and kept upon the door for ten minutes, each jack being 
pumped up to its full capacity and kept there. No water ran into the joint between 
the door and jamb from the wells of putty, and no effect whatever was produced 
upon the expanding ring. 

The door of the Corliss safe and the expanding ring have now been tested by two 
extreme pressures : 

First, by an enormous pressure instantaneously developed by the explosion of a 
mass of dynamite on the face of the door. 

Second, by a heavy and continued pressure on the face of the door through the 
agency of hydraulic jacks, and no effect has been produced in either case upon the 
door or the expanding ring. Any other kind of pressure must be found some- 
where between these two extremes, as, for instance, that of a battering-ram, and it 
is perfectly fair to conclude that it is an impossibility, by any means within the 
limits of practicability, to force the door of the Corliss safe in or to upset or destroy 
the expanding ring. 

Samuel Rodman, Jr., 
Mrat Lieutenant, Second U. S, Artillery. 

The foregoing is a correct transcript of demonstrations made before me as 
United States commissioner on safe and vault construction at the works of the Cor- 
liss Safe and Vault Door Company, March 5, 1892. 

F. A. Pratt. 



8TANDABD SPECIFICATION OF WORE AND MATERIALS REQUIRED IN 
CONSTRUCTION OF VAULT, VAULT DOORS, AND THE GRILLE DOORS, 
WITH THEIR LOCKS, FOR A SAFE DEPOSIT. 

WORKMANSHIP AND MATERIALS. 

The entire work to be done in the best and most workmanlike manner; all mate- 
rials used to be new and of the best quality used for such purposes, and to the 
satisfaction of the company and to the superintendent of the work. 

The welded steel and iron to be five-ply, made up of three plates of wrought iron 
and two plates of chrome cast steel, rolled together, the finish thickness of same to 
be half inch and one inch, respectively, and the bolts to be made of the same mate- 
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rials. All of the welded steel and iron to be of the Chrome Steel Company's (of 
Broolilyn, N. Y.) mannfactiire (except for the tougued and grooved bars, and their 
brand to be on each bar, aud all steel of tlie welded steel and iron in bolts and bars 
to be hardened drill proof). All materials to be of of uniform thickness, of smooth 
plates, and free from rust or scale; bolts securing plates together to be not less than 
three- fourths of an inch in diameter, all screwed into holes having perfect threads 
and to fit well into holes and set up with a set of pall wrench until they are 
ti^ht and plates are close to each other, the holes to be tilled with fire clay before 
being put into furnace for hardening to prevent damage to threads. 

DAMAGES AND DELIVERY. 

The contractor to be responsible for any damage to the building or to person or 
persons in the delivery, erection, and completion of the work, and to obtain all 
permits that may be required. 

The contractor is to furnish all skids, floor planks, and other requirements, so as 
to deliver the work without damage to the building, and, if necessary, do whatever 
shoring that may be required in carrying over very lieavy pieces of work so as not 
to damage or set the beams of the building. 

The contractor is to deliver the entire work set up in place ready for use with 
Decessaiy leveling pieces, together with all the work contained in these specifica- 
tions, on or before March 15, 1892, under a liquidated damage penalty of $50 a day, 
and to so arrange the delivery of the work that it will not interfere in any way with 
the other mechanics engaged in the building in their work, and to furnish the plates 
to go under vestibules when required. 

DRAWINGS. 

All drawings are the i)roperty of the company and are to be returned with the 
specifications with the bid, and also by the contractor on the completion of the work. 

The plans and specifications are to cooperate and is to include all work shown in 
color, to be made in the best and most workmanlike manner and of the best materials 
and construction, and is to cover all work in accordance with same and as will be 
directed by the superintendent of the work ; and the contractor is to furnish all 
work called for in these specifications or shown in plans. 

The measurements are taken from the plans in the office of architect, and 

are believed to be correct, but to be verified by the contractor, and who is to be 
wholly responsible for fitting his work to existing work, and to conform with work 
to be fitted into building. 

DIMENSIONS. 

The safe deposit vault to be 8 feet 6 inches high, 22 feet wide, and 16 feet 6 inches 
deep on the outside from corner to comer, exclusive of the projection of the vesti- 
bules. 

The entrance door of the safe deposit vault to permit of a clear opening of 6 feet 
8 inches in height, and 2 feet 8 inches in width. The opening in the wall for these 
doors is to be left by the masons 8 feet 7 inches in height from the beams on which 
the vault rests to the lintel, and 5 feet 2^ inches in width. 

The rear door for the safe deposit vault is to have a clear opening of 2 feet in 
height and approximately 1 foot 6 inches in width. The opening to be left by the 
masons to be 4 feet 3^ inches in height and 4 feet 1 inch in width. The vestibules 
to be made of a sufficient depth so that the front face of each will come flush with 
the face of the plaster or finish on the wall. 

The opening for the grille door is to be left by the masons 8 feet 7 inches in height, 
and 5 feet 8 inches in width. 

The opening for the front door is to be left by the masons 8 feet 1^ inches in height 
and 5 feet in width. 

The opening for the smaller door to the storage vault is to be left 3 feet in height 
and 4 feet 1 inch in width. 

The above dimensions as to opening of the wall, etc., are assumed to be correct, 
but the contractor is to be responsible for all measurements and is to verify same at 
the building. 

CONSTRUCTION OF SAFE DEPOSIT VAULTS. 

The entire work, excepting doors and vestibules, to be put together in place on 
the foundation, plate after plate, edges of all plates to be planed and ground true 
and perfect to make perfectly tight joints throughout, the plates to be closely bound 
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together and set up with a set, or set up with a heavy pall wrench. No tap holt 19 to 
go through more than two plates and those on tlie outside securing the l-inoh weldt*** 
steel and iron plates, and also the 1-lnch steel pJates to he hllnd holts and are not to 
go through the plates or show on the outside. 

SHELL OF VAULT. 

All the outside corners to he made of 6 by 6 hy 1 inch angles of welded chrome 
steel and iron. 

The space hetween these angles to he filled in with plate of 1-inch welded steel 
andiron; second, one-half inch welded chrome steel and iron; third, one-half inch 
welded chrome steel and iron ; fourth, one-half welded chrome steel and iron ; fiftli, 
one-half inch welded chromes teel and iron ; sixth, one-half inch steel plates (exce]>t 
at the bottom, where two plates of one-fourth inch, steel will take the jilace of tlio 
one-half inch plates, and as hereafter specified), making a total thickness of 3^ 
inches of actual metal. The angles covering the oiitside corners of vault to be bent 
and welded at the corners with an angle at least 12 inches long, to be welded to 
these angles, forming a solid tripod; the edges of all angles covering all the cor- 
ners of vault to have their edges rabbeted about one-half their thickness and with 
one-half inch of lap, the ends of all these angles to be rabbeted in the same manner 
as those they abut. 

All the 1-inch plates also to be rabbeted to each other and with the rabbets in the 
angles and frames to make a close tit. The 1 inch plates to be not less than 20 inches 
in width and are in length ko reach from angle to angle, except for the top and bot- 
tom, these plates not to be in more than two pieces and not to come in line by 1 
foot. The balance of the welded steel and iron and steel plates to be so placed as to 
break joints with each other throughout the entire structure and no bolt to be 
placed opposite any other. 

The inside steel plates to be bent into angles on all the inside corners and not to 
be less than 8 inches on one angle or less than 12 inches on the other, and the eight 
inside comers of vault to have the steel plates bent into right angle trianfi^les or 
tripods. 

The floor plates between the corner angles to be made of two plates, the under one 
to be made of smooth plates and the exposed one to be made of rough rolled steel of 
a pattern selected by the superintondent of the work, as the plates are not rolled 
and cut square with the pattern the plates are to be ordered several inches longer 
than reqaired and squared by the pattern. 

All the welded steel and iron plates to be bent at all the comers, and the corner 
pieces at each of the eight corners of vault to be bent into right angle triangles, the 
corners to be welded, making them solid; the flat plates to break joints (not to come 
in line) with each other on the same layer by at least 1 foot, and the welded steel 
and iron angles at the corners to break joints with the adjoining layer of angles by 
at least 4 inches. 

Bolts on the two outer layers to be not more than 10 inches apart and to com- 
meiice by being placed close to the joints in the plates and angles, the next layer not 
more than 12 inches apart, and the balance not more than 15 inches apart, all to be 
well counter-sunk, and those holding the inside plates of steel especially, so as to 
leave a smooth and flush surface inside. 

DOORS AND VESTinULES OF SAFE DEPOSIT VAULTS. 

The outer door of each entrance to be as follows : First, 1-inch welded chrome 
steels and iron; second, 1-incli steel plate; third, one-half inch welded chrome steel 
and iron ; fourth, one-half inch welded chrome steel and iron ; fifth, one-half inch 
welded steel and iron tongue and grooved and welded chrome steel and iron plate; 
sixth, one-half inch welded chrome steel and iron; seventh, one-half inch welded 
chrome steel and iron; eighth, one-half inch welded chrome steel and iron; ninth, 
one-half inch welded chrome steel and iron; tenth, one-half inch welded steel plate, 
making a total thickness of 6 inches actual metal. 

The outer surface l-ii»ch ])lates, forming face of doors, not to be in more than two 
plates in width and full height of doors; where the plates abut each other and the 
edges of these plates where they form edges of door, to have the first rebate planed 
out of the solid metal, the next layer 1-inch steel plate and bracket to have a tongue 
and groove planed out of the solid metal of the plate; the edges of the tongues to 
be serrated and grooves packed with felt or left with a smooth square edjge and 
packed with rubber, the second tongue and groove of welded steel and iron to 
have the corners miterd and rdges finished same as specified for outer tongue and 
same as specified for same as to packing. 

All plates to be fiistened together in the same manner as in the body of vault with 
tbe same sfyle of bolts, no tap bolt going through more than two plates^ and those 
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holdiug the outer 1-inch plates and the 1-inch steel plate to be blind bolts (and not 
to show through either plates) ; bolts not to exceed 8 inches center apart throughout. 

To have, in addition, to bind door together and to secure bo]t frame to the door, 
bolts with their parallel part li inch in diameter, made of the best wrought iron, 
and tbeir conical parts of welded steel and iron, these bolts to start from the eighth 
plate from the outside, and are not to be more than 6-inch centers apart. 

The inside doors of main entrance and inner doors of safety entrance to be as fol- 
lows : First, 1-inch welded chromes teel and iron ; second, oue-half inch welded steel 
and iron tongue and welded chrome steel and iron plate; third, one-half inch welded 
chromo steel and iron; fourth, one-half inch welded chrome steel and iron; fifth, 
oue-half inch welded chrome steel and iron; sixth, one half inch welded chrome 
steel and iron; seventh, one-half inch welded chrome steel and iron; eighth, oue- 
half inch welded chrome steel and iron, making a total thickness of 4^ inches of 
actual metal. 

The folding and side doors to the main entrance and the single inside door of the 
safety entrance to be made in the same manner as the outer doors as to the tongue 
and groove being miterd, serrated, and packed, etc., and also to be bolted together 
in the same manner, except that the parallel parts of the conical bolts are to be 
sevtn-eio^hths inch in diameter. These bolts are to start from the sixth plate from 
the outside and are not to be more than 6-inch centers apart. The outer surface of 
the single door is to be made of not more than two pieces in width and the full 
height of door; folding doors to be made of a single plate in width for each door. 

i'estthules. — ^The vestibules to be constructed the same as the body except that 
they are to be 4^ inches in thickness, the increased thickness to be made by the 
addition of two layers of one-half inch welded steel andiron, the jambs surrounding 
the doors to be the same thickness as doors with additional thickness for bolts to 
shoot behind and constructed same as doors. 

The angles covering the front corners to be made of welded steel and iron 6 by 6 
inches by 1 inch (except at the front on the bottom where the face is to be reduced, 
bent and welded at all corners forming frames, and the entrance vestibule not to be 
made in more than four pieces, with the ends rabbeted to correspond with the door 
plates on the front and with the one inch welded steel and iron plates on the sides, 
top, and bottom, the plates between the angles to be rabbeted on all edges to corre- 
spond with the front frames at the front and with the angles of the front vestibule. 
The safety vestibule to be made with a solid frame welded at all corners. 

The entrance vestibule to drop approximately 6 inches below the bottom of the 
outside of the vault, the inside floor of the vault to be kept on a line with the 
finished floor of the office. A working drawing to be submitted for approval as to 
the connection between the vestibule and the vault and also as to the construction 
of the drop of the same. Accurate measurements are to be taken at the building, 
as to the position of the beams supporting this vault and the beams in the pocket, 
and the work to be made to conform to same and as will be further directed by the 
superintendent of the works. A platform of rough rolled steel the same as the 
bottom of the vault to form a bridge across the vestibule entrance and a bridge of 
metal or wood to cover the pocket in front of the door to be in position after the 
door is open, or to be hinged as will be directed. 

The tongue on the jambs engaging with the tongue of the steel plates to be made 
of welded steel and iron. The steel plate on the jamb corresponding with the steel 
plate of the door to be welded at all corners, making a solid frame. 

If there should be a space between the vestibule and walls of vault, these are to 
be covered with a plate or architrave or molding, as will be directed by the superiu- 
tendent of the work. 

The safety entrance vestibule will probably require to be placed in position before 
the vault is put up, owing to the limited space between the wall of vault and the 
building wall. A plate, to be finished when required, one inch in thickness, to go 
under each vestibule. 

Hinges. — The main entrance door to swing easily on a compound hinge, made of 
wrouj^ht iron, of sufficient strength to carry the door and not spring, and not to be 
less than 10 by If inches for the vertical parts, and 10 by 1^ inches for the cross-arm, 
with at least a 2-inch round rod on the jamb part; the cross-arms to be keyed to the 
round (not pinned) with anti-friction or vault bearings at the bottom, and steel pin 
rollers (and no other hinges to be used except the ones specified). The hinge pins 
on the door part to be made with a grove and spline, to prevent turning, and a 
screw to raise and lower same ; these to be fitted up with crowned washers, and 
doors to rest on the top of these pins and washers. 

ITie portions of hinges which are attached to the door and jammed together with 
the portions of pressure-bars attached to doors and jamb to be secured to same by 
means of conical bolts with welded steel and iron heads to go through the one-inch 
plates from the inside to hold with finished hexagon cap-nuts. The outer safety 
door to be made in the stime manner, but to be made of lighter iron, but of suitable 
strength to carry the door without springing. 
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The inside doors to have saitable hiuges with centers in center of doors to carry 
same into opening squarely and to allow of full tongue and groove. Each door to 
have a pressure Imr across the door to force the back and front of doors squarely and 
parallel into and out of jambs at one motion. No part of the handles or connections 
to be made of cast iron. 

Bolf-work. — The outer door of main entrance to have a continuous bolt-frame of 
steel welded at the corners, making solid frame, this frame to be secured to the door 
with the conical bolts as above specified, and to be held with a steel nut, and the 
nut covered with a plain bronze hexagon cover, secured with a bronze cap, tlie 
steel nuts and bolt to be keyed with a joint screw; the balance of the conical bolts 
in the door to be made in the same manner (but no conical rivets to be used). 

Bolt frame to be 3| by 2i inches, with the necessaiy inside bolt frames ; these bolt 
frames to hold at least twenty round revolving steel bolts, each to be 2 inches in 
diameter with anti-friction bearings in the bolt frames; bolts to be thrown with 
suitable handle with spindle of a pattern approved by the superintendent of the 
work. 

The inside doors to have a continuous bolt frame, 3 by 2 inches of steel, bent and 
welded at, all corners the same as the outer door; the conical bolts as before 
described securing bolt frames to the door with steel nuts countersunk in the face 
of the frame to save room, with joint screw keying steel nuts to the conical bolts to 
have a bronze hexagon casing cap to cover them, with the necessary inside bolt 
frames ; bolt frames to hold not less than twenty round revolving steel bolts or as 
may be directed by the superintendent of the work, each to be If inches in diameter, 
with approved style of spindle to throw bolts, a sample to be submitted to the 
superintendent for approval. 

The safety doors to have the same size of bolt frames on the outside door that the 
main door has and the same size on the inside doors that the inner door to the main 
entrance have, and to be secured in the same manner as specified for them; bolts 
also to be of the same size in diameter for the inner and outer doors as is called for 
respectively for the inner and outer doors of the main entrance. 

A drawing to be submitted for approval to the superintendent giving as many 
bolts on each as the space on the inside of the door will admit^ but to have bolts 
securing doors in all directions. 

The inside face of all doors to have brass jiggered plates between the bolt frames, 
and the space between the bolt frames and the edge of doors to be ground, polished, 
and varnished to prevent rust. 

Handles, pressure bars, and bolt and slide bars to be well coppered and then nickel 
plated and varnished, all bolt frames to be planed true and straight, with sharp 
edges, and polished and treated with a Bower-Barff process or the Rustless Iron 
Company's process, or as may be directed by the superintendent of the work. 

The bolt work of the outer and inner main entrance doors to be covered and pro- 
tected with a plate glass door, the door frame to be made of wrought iron, covered 
with a bronze metal finish, door secured with flat key locks, arranged that the keys 
of same can be removed either when locked or unlocked. 

A tripping device to be arranged on each of the outer doors, so that, if necessary 
these doors should need to be they can be opened from "the inside, a device to be 
operated through the spindle of the inside doors, which, in turn, is to operate upon 
an attachment connected with the bolt work of the outer doors, so as to release all 
connections between the locks and the bolt work. 

Locks. — ^The outer doors of the main entrance to have four Sargent & Greenleaf 
No. 2 locks, with side shafts, locked covers and sliding bolts so arranged that it will 
require one lock of each set to be unlocked to release the bolt w^ork, also a Sargent &. 
Greenleaf or Yale triple movement, seventy-two hour, time lock, of the latest and 
most approved pattern. 

The outer door of safety entrance to have two Sargent and Greenleaf locks same 
as specified for outer door of main entrance, if there is room on the door for same; 
if not, then a smaller lock to be used as will be directed by the superintendent of 
the work, to be arranged that it will require both to be opened to release the bolt 
work, and a time lock same as specified for outer main entrance door. 

The inner doors of main entrance to have four Yale 023^ combination looks to 
be arranged same as specified for outer door of main entrance. 

The inner door of safety entrance to have two Yale 023^ combination locks arranged 
same as specified for outer door of safety entrance. The bolt work to be so arranged 
in all cases as to be checked by a device to remove emL strain from the locks and 
so that if locks or lock are driven from the door the locks will be held in a locked 
position. 

The spindles of locks to be made in the most approved manner and to fit holes 
closely and packed with felt or rubber, a sample of same to be submitted for approval 
to the superintendent. Spindles to be covered with a bar same size as the outer 
bolt frame of the door on which the locks are placed, covering the end of spindles ; 
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tliis bar to l)e made with welded steel and iron to be held to the door with bolts 
Rame size as the conical bolts. 

thints of doors. — Doors to be closely planed and fitted to the surrounding jams, 
all breaks to be filed down on their iron surface so as to come in contact with each 
other; fi^eat care to be taken in this matter, but contact is not expected or wanted 
in having doors strike sideways or up and down, which would cause doors to bind; 
stiil they must be a close fit. All breaks, tongues, and grooves to be highly polished, 
with steel and iron plates, to have all planer course, grounding, or other marks 
removed and edges polished before hardening and again to be polished after hard- 
ening. 

The 1-inch solid steel plate forming frames inside the 6 by 6 by 1 inch angles on 
each of the vestibules to have a deep rabbet planed out of their edges on all sides, 
and after doors and vestibules are finished, to have strips of copper corked in them, 
this copper to be scraped down to a close fit. 

ELECTRIC WIRES. 

Sixteen insulated electric wires, made in four cables of four wires each, to be built 
into the vault, to go from the outside to the inside, to go through with but one plate 
in a direct line, then led off several inches, then the next plate, and so forth: twelve 
w^ires to be carried from the inside of the vault into the vestibules between the inner 
and outer doors of each, these to be tested by an electrician, at the expense of the 
contractor, and his certificate to be given tliat he has examined wires during the 
progress of the woik and at the completion of the work, and are in good order. 

DAY GATES. 

The openings of vault each to have a swinging day gate of special design, with 
guard plates to protect the lock, with suitable bronze spring lock ; these gates to 
swing on gravity hinges to make them self-closing. 

WOOD BRID6B. 

To furnish a bridge to be made of oak or mahogany to bridge over the entrance to 
vault, to be stiffened on the under side with bridge-stiffen ins; pieces, the under side 
to be well painted, the upper side to be filled in with wood filler and rubbed down 
and varnished, the edges to be shod with brass. (For further particulars in relation 
to this see Vestibule.) 

GRILLE GATES AND VESTIBULE. 

The gates of storage vault to be made of an outer and inner pair of grille gates 
formed of 3 by 1 inch bar iron with l|-inch round bars, placed about 3i inches cen- 
ters apart, to be doweled into the fiats at the top and bottom; gates to swing on 
heavy wrought-iron hinges, well bolted or riveted to both gates and jamb at the 
rear. 

Both right and left hand gates to be bolted and held with 1-inch round bolts, 
these bolfi to operate in the first bar nearest the front edges of gates, this bar to be 
made of rolled tnbiug, these bolts to be made the full length of the tubing. The 
wheel operating these bolts and lock to be protected on each side of each door with 
one-half inch welded steel and iron plates on the outsid*- and iron plates on the 
inside, secured to the rounds and flat bars. Bolts to be thrown with suitable 
uickel-plat«d drop handle and secured with a Sargent & Greenleaf bronze key lock. 

The vestibule to be lined with one-quarter inch plate iron with 2^ by 2^ by |-inch 
wrought angle iron comers between the hanging frames of gates. 

The outer and inner sets of gates to have suitable hanging frames of 4 by 4 by 
i-inch angle iron to be welded at the top corners and doweled into a wrought-iron 
saddle at the bottom at both front and baek; these saddles to be chamfered on both 
edges, the angle frames with their saddles to be secured to the one-quarter inch 
lining plates with three-eighth inch countersunk head rivets on the front and with 
three-eighth inch countersunk head screws with square heads in the rear, the 
heads to be cut off, leaving screws flush, the gates when closed covering the screws, 
the panels formed by the frames and angles to be finished with a neat corner mold- 
ing, gates to be stopped at the top, but no stop at the bottom, the bolts to be well 
fitted securing gates, one gate of each set to have a button covering open in the 
center where the pair of gates meet ; the face of front frame to be covered with a 
molding or to correspond with the frame of the safe-deposit vault doors 
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DOORS FOB THE STORAGE VAULT. 

The doors for the storage vault in the cellar under the safe-deposit vault will bo 
made for the main entrance with the door to swing into the vault and the nafet.v 
opening with the door to swing out; working plans of both these sets of doors to be 
submitted to the superintendent of the work for acceptance. 

It will depend upon the condition of the building as to getting in the safety vesti- 
bule, owing to the limited room between the vault and the inside face of wall of the 
building; the construction of vestibule will depend upon this, but will be deter- 
mined upon by the architect, superintendent of the work, and the contractor. 

Doors, — Both doors to be made as follows: First, one-half inch steel plate; second, 
one-half inch welded chrome steel and iron; third, one-half inch welded chrome 
steel and iron; fourth, one-half inch welded chrome steel and iron; fifth one-half 
inch steel plate, making a total thickness of 2| inches of actual metal. 

The plates to be well secured together with three-quarters inch bolts, same as in 
safe-deposit vault, and not to exceed 8-inch centers apart throughout, and no bolt 
to go through more than two plates, and no two bolts to be opposite each other, and 
to have in addition to bind door together and to secure bolt frame to the door, bolts 
with their parallel parts seven-eighths of an inch in diameter, made of the best 
wrought iron, and their conical parts of welded steel and iron, these bolts to start 
from the fourth layer from the outside and are not to be more than 8 inches centers 
apart, each layer of metal to form a rebate or break. 

Vestibules, — ^The vestibules to be made of, first, one-half inch steel plate; second, 
one-half inch welded chrome steel and iron ; third, one-half inch steel plate, making 
a total thickness of 1^ inches of actual metal. 

The frames to be made of 4 by 4 by ^-inch wrought angle iron bent and welded 
at all corners, forming solid frame, the welded steel and iron to be bent into knees 
and to be secured to these frames on the front and also bent into knees to fonn a 
part of the jambs of doors, the welded steel and iron to be well secured to the inside 
plates in the vestibule opening and the outer plate to the welded steel and iron, no 
screw to go through more than two plates; the comers from front to rear to be cov- 
ered on the outside and inside with 4 by 4 by ^-inch angle iron, secured as before 
specified, no bolts to go through more than two plates, etc., these bolts all to be 
three-quarter inch, countersunk, of welded steel and iron. 

The inside frames to clamp the vestibules in place to lap on the wall at lea«t 4 
inches and to be secured with three-quarter inch bolts, placed not less than 8 inches 
centers apart. Bars at least 3i by 2 inches to be bolted to the frame of tlie main 
entrance door at the top and sides, those bars to be well bolted to the inside of frame 
with three-quarter inch bolts for bolts to shoot into, and the bottom bolts to slioot 
into a plate at the bottom. 

The inside plates of jamb of vestibule to be well secured to take strain, as the 
strength of the work depends upon the proper bolting. 

Hinges. — The hinges to be made of either wrought or malleable cast iron of 
sufficient strength to carry doors; the pins to be of steel and the top part of tlie 
hinge to rest on the top of the hinge pin. 

Bolt work, — The doors to have on each a continuous bolt frame of steel, 2f by li 
inches, to be bent and welded at all corners and held to door with the conical bolts 
before specified, and secured by nuts of same, keyed with joint screws; the nuts to 
be covered with bronze covers and held with a bronze cap secured to the end of the 
conical bolts. The necessary inside bolt frame to make the work secure. 

The main entrance door to have at least twenty round revolving bolts, and the 
safety door at least ten round revolving bolts; bolts to be If inches in diameter, of 
steel. These bolts to be thrown from the outside, with suitable handles, the spin- 
dles to be well fitted and packed, and to be of a pattern approved by the superin- 
tendent of the work; style of same to be submitted by the contractor for approval. 
The inside face of doors to be painted as will be directed. Handles, pressure bars, 
all bolt and slide bars, to be copper-plated, nickel-plated, and then well varnished, 
to prevent rust ; all bolt bars to be planed true and straight, with sharp edges and 
comers, and polished and treated with the ''Bower-Barff," or the Rustless Iron 
Company process, and as will be directed by the superintendent of the work. 

Joints of doors.— The doors to be closely planed and fitted to the surrounding jambs, 
and to be closely planed and fitted and finished in aluminium bronze, same as doors. 

Looks, — Each door to have two Sargent & Greenleaf No. 2 automatic outside shaft 
combination locks with locked covers and sliding bolts to be so arranged that it 
will require both to be opened to release bolt work, and in all respects to be put on 
same as specified for vault doors of safe-deposit vault, and also secured with a 
Sargent &. Greenleaf or Yale seventy-two hour three-movement time lock of the 
most approved pattern on each door. 

The spindles of locks to be made to fit holes closely and to be packed with felt or 
rubber^ style of spindles to be submitted to the superintendent of the work fpr 
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approval, to have a bar covering the euds of spindles to be the same size as the bolt 
I'rames and secured to the doors by bolts the same size as the conical bolts, this bar 
to be made of welded steel and iron. 

DAY GATES. 

The gate to the main entrance to be self-closing sliding gate and the one for the 
safety door is to be a swinging day gate, both to be of special design with good aii I 
sufficient guard plates to protect the lock, with suitable bronze spring locks, both 
to be self-closing gravity gates. 

PAINTING. 

All work to be free of rust and oil, the inside of vault to have in addition to the 
usual priming coats at least three coats of white lead and linseed oil, and heads of 
screws and joints to be well filled and puttied, making a smooth finish, and to be 
well covered. 

The entire outside surface of all doors and jambs with the inside of vestibules to 
have the usual priming coats and to be made smooth with tiller and rubbed down 
to a smooth surface and finished in aluminum bronze and with such other oruauient- 
iug as will be directed on application to the superintendent of the work. 

The Grille gates to be well painted and finished in aluminum bronze. 



PROPOSED SPECIFICATION FOB BURGLAR-PROOF TREASURY VAULTS, 
SUCH AS ARE RECOMMENDED BY AN EXPERT IN THIS BUSINESS. 

For a vault 3J inches in thickness the outer plate should be 1^ inches thick, com- 
posed of three layers of material, welded solidly together in plate rolls. The outer 
layer should be one-eighth of an inch of soft steel, the second layer should be three- 
eighths of an inch of chrome steel, and the third layer should be 1 inch of soft steel. 
These plates should be at least 4 feet in width, running the full height of the vault, 
and on the top and bottom not less than 10 feet in length. 

The angle irons at the corners should be 12 inches each way, composed of the same 
material. That is, 1^-inch plates should be rabbeted to the ii-inch angle iron, with 
three rabbets not over one-fourth of an inch in width for each; 12 by 12-iuch angles 
should be welded at the corners, making a tripod which should not be jointed at the 
center of the height of the vault, but should run the entire height, making one long 
leg with two short ones on each end. These short legs should not be less than 3 feet 
in length. 

Secured to this outer plate and to these angles should be a layer of three-quarter- 
inch five-ply welded chrome steel and iron plates, and bolted to the 1^-incli outer 
plates with welded steel chrome andiron bolts, l^-inch diameter, going 1 inch into the 
outside plate, with threads not less than twelve to the inch. These bolts should be 
placed 12-iuch centers each way, and at every joint should be not more than 3 inches 
away from the joint on both sides, and 12 inches centers in the other direction. 
Secured to this three-quarter-inch plate should be a second plate of same material, 
secured in* the same manner, with bolts 1-inch dian eter, threads not less than 
sixteen to the inch, placed 12 inches centers, not coming opposite bolts in the second 
plate. These welded chrome steel and iron plates to be not less than 4 feet wide and 10 
feet long. Inside of these plates forming the interior lining of the vault, should be 
plates one-quarter-inch soft steel or Bessemer not less than 5 feet in width and 12 
feet in length, where the vault will permit it. A 12 -inch angle running all around 
tbe corners of the vault, made in the same way as specified for the outer an<i:Ies. 
This makes the vault 3 by 3^ inches in thickness, for which the outer door should be 
6 inches thick, having three tongues and grooves all around the edges, and con- 
struct the same as the shell of the vault, excepting that the additional thickness 
shall be made up of three-quarter-inch, five-ply, welded chrome steel and iron. 
The inner doors shall be 4 inches in thickness, in one fold, with two tongues and 
grooves around edges. Both outer and inner door to be hung upon crane hinges, 
both doors to have lock frames of steel, at least 4 by 2 inches welded at all corners 
with tvyenty-four steel revolving bolts 2^ inches diameter. 

All nickel and bronze plated, as required, all moving easily with one handle, which 
shall be so constructed as to prevent any clear hole more than one-third the thick- 
ness of either door, and what is known as the ''oft'set handle." Each door secured 
with chronometer locks, best make, and each door to have two dial clocks of best 
make. Inside of both doors to be covered with bronzed plates, one-eighth of an inch 
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in thicknrfts. Every plate in the vault and doorH to be tested by heavy drilling 
machines wherever indicated by inspector. 

After material is tempered all joints shall be close — no open joints to be accepted. 

The vestibule should be 5 inches thick^ made in same manner as the outer door. 
The frame for vestibule should be made in the same manner as the frames for vault. 
Tongues and grooves in doors shall fit within one-sixty-fourth of an inch in all 
places. Adjustable set screws shall be placed for each crane hinge^ to take up any 
wear in the working of the door. 
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All material painted two coats of Prince's metallic paint before being pot together. 

In making a vault four inches thick, would adopt the same plan, excepting that the 
outer plate should be 2 inches instead of 1^ inches, and angle irons be '2 inches 
also. Where 2-inch angle irons are used there should be a rabbet of at least 3 inches 
in width in both plate and angles. Inch blind bolts should be placed not more 
than 10-inch centers. The same plan should be adopted for the joints of 2-inch 
|)lates. This in addition to the one-fourth-inch rabbets previously specified. The 
inside lining to be one-half inch thick of Bessemer steel. 
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Plate V. 
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